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The freight transportation sector is a major emitter of the greenhouse gas carbon dioxide (CO2) which has 
been recognized by numerous experts and science organizations as a significant contributor to climate 
change. The purpose of this thesis is to develop a a framework for obtaining the freight flows for 
containerized goods movement through the U.S. marine, highway, and rail systems and to estimate CO2 
emissions associated with the freight traffic along interstate corridors that serve the three major U.S. ports 
on the West Coast, namely the port of Los Angeles and Long Beach, the Port of Oakland and the Port of 
Seattle.  This thesis utilizes the Geospatial Intermodal Freight Transportation (GIFT) model, which is a 
Geographic Information Systems (GIS) based model that links the U.S. and Canadian water, rail, and road 
transportation networks through intermodal transfer facilities, The inclusion of environmental attributes of 
transportation modes (trucks, locomotives, vessels) traversing the network is what makes GIFT a unique 
tool to aid policy analysts and decision makers to understand the environmental, economic, and energy 
impacts of intermodal freight transportation. In this research, GIFT is used to model the volumes of 
freight flowing between multiple originations and destinations, and demonstrate the potential of system 
improvements in addressing environmental issues related to freight transport. Overall, this thesis 
demonstrates how the GIFT model, configured with California-specific freight data, can be used to 





1.1 The Environmental Impact of U.S. Freight Transport  
The Global surface temperature increased 0.74 ± 0.18 °C (1.33 ± 0.32 °F) during the 100 years ending in 
2005(IPCC, 2007). The Intergovernmental Panel on Climate Change (IPCC) concludes that most of the 
"temperature increase since the mid-twentieth century is very likely due to the observed increase in 
anthropogenic greenhouse gas (GHG) concentrations"(Hegerl et al., 2007). This basic conclusion has 
been endorsed by scientific societies and national academies of science of the major industrialized 
countries (Royal Society, 2001, 2005).  
The U.S. currently emits more GHGs per person than any other country (IPCC, 2007). A major source of 
GHGs has been the carbon dioxide (CO2) emissions from the burning of fossil fuels such as gasoline and 
diesel, which is used extensively in the U.S. transport sector (EPA, 2008). Emissions from this source 
category grew by 19.3 percent (913.8 Tg
2
 CO2 Eq.) from 1990 to 2006 and were responsible for most of 
the increase in national emissions during this period. The transportation end-use sector accounted for 
1,861.0 Tg CO2 in 2006, representing 33 percent of total CO2 emissions from fossil fuel combustion, the 
largest share of any end-use economic sector (Figure 1). Almost all of the energy consumed by the 
transportation sector is petroleum-based, including motor gasoline, diesel fuel, jet fuel, and residual oil. 
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Figure 1. U.S. Greenhouse Gas Emissions, 2006  
(Source: IPCC, 2007) 
 
Within the transportation sector, freight movement accounts for 27% of transportation GHG emissions, 
with the majority of emissions generated by trucking (Façanha & Ang-Olson, 2009) (Figure 2).  Apart 
from being the most energy-intensive mode of freight transport, trucking is also the most widely used 
mode of transport (Bureau of Transportation Statistics, 2007). According to the Commodity Flow Survey 
(CFS), published by the Bureau of Transportation Statistics (BTS),  in 2007, 70 percent of all goods by 
weight in the United States were transported through trucks, which resulted in 75 percent of all the 
greenhouse gas (GHG) emissions from freight transportation combined (Figure 3, Figure 4). In 2007, the 
GHG emission from goods movement was 27.9 percent of the total U.S. GHG emissions from 
transportation, which was about 7.8 percent of total U.S. GHG emissions in 2007 (PEW Center for Global 
Climate Change, 2010). Figure 4 illustrates how the freight transportation GHG emissions have grown 
from 1990 onwards due to the increased emissions from trucking. During the period from 1980 to 2007, 
GHG emissions from freight trucks increased by 80 percent while the amount of freight shipped in trucks 
(measured in ton-miles) grew by over 100 percent in that same period (EPA, 2008; PEW Center for 




Figure 2. GHG Emissions by Source and Transportation Mode, 2005  




Figure 3. Freight distribution among modes by ton-miles, tons, and value in 2007   





Figure 4. GHG Emissions from Transportation from 1990 to 2007 
Source: (PEW Center for Global Climate Change, 2010); Based on the U.S. EPA Inventory of U.S. Greenhouse Gas 
Emissions and Sinks: 1990 – 2007 
 
Figure 4 also highlights the key cause of GHG emissions from freight transportation- trucking activity. As 
such, in the efforts to reduce GHG emissions from freight transportation, the focus should be on reducing 
the amount of emissions from truck transport. This objective can be achieved in primarily two ways: 1) 
reducing the emissions from trucks themselves through technological enhancements; or 2) shift the 
majority of freight to a less GHG-intensive mode of transport such as rail or ship (PEW Center for Global 
Climate Change, 2010).  The possibility of emissions reduction through the latter option, referred to as 
modal shift, is the focus of the thesis and it utilizes the principles of geospatial information based systems 
in demonstrating the effectiveness of such a policy. 
1.2 Case for Intermodalism 
When comparing the different modes of transportation for the movement of goods  including truck, rail, 
water, air, and pipeline, metrics such as energy efficiency, convenience and cost need to be taken into 
account. Any metric, by itself, is not a comprehensive factor for a mode to be a preferred choice. For 
example, though, most goods are moved on trucks (by weight and value), the amount of freight moved by 
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rail is comparable when one considers the amount multiplied by distance as measured in ton-miles 
(Figure 3). In fact, rail's share of freight increases as trip length increases- goods travel 691 miles on 
average with rail (Margreta, Ford, & Dipo, 2009). 
The convenience of a particular transportation mode for a particular good depends on multiple factors- 
which include the good itself and the good's source, destination, and time requirements for delivery. For 
transporting industrial goods like coal and other large and heavy goods, rail and ship are the preferred 
choice of mode (Figure 5). Then again, infrastructure constraints can limit the use of rail and ship as 
modes of transport. For example, for short trips (short haul) and last mile distribution, trucks are most 
often the only possible mode of transport. Sometimes the transfer cost from one mode to another can be 
prohibitive. 
 
Figure 5. Comparative Advantage for Different Modes  
Source:(Federal Railroad Administration, 2010) 
 
A major area where trucks have an advantage over rail and ship is the much greater extent of the U.S 
highway network as compared to rail and water freight transportation networks. This allows for trucks to 
be a fast and more convenient mode of goods movement than the other modes, whether for short trips or 
long- distance freight delivery. These scenarios go on to bolster the prominence of trucks in goods 
15 
 
movement (approximately 70 percent in 2007) (PEW Center for Global Climate Change, 2010). To 
further exacerbate issues for rail, the miles of infrastructure for rail actually decreased by 24 percent 
between 1980 and 2007, while the road infrastructure increased by 5 percent(Federal Highway 
Administration, 2009).  
In spite of the circumstances favoring a unimodal (single mode) freight transport system dominated by 
trucks, it is necessary to advocate the use of intermodal (multiple modes) freight transport. The case for 
intermodal transport is justified by the fact that when measuring the movement of goods in units of 
energy consumed per ton-mile
3
, truck is the most energy- intensive form of freight transportation (See 
Table 1).  
Table 1. Energy intensity of domestic transportation modes in the U.S. from 1980 to 2006 
 1980 1990 2000 2006 
Truck BTU per 
ton-mile 
4,266 3,928 4,040 4,074 
Rail (Class I) BTU 
per ton-mile 
597 420 352 330 
Ship BTU per ton-
mile 
358 387 473 571 
Source: U.S. Department of Energy, Transportation Energy Data Book. 2008. U.S. Department of Transportation, National 
Transportation Statistics, 2009 
Using the same metric, rail is twelve times more efficient than trucks and almost twice as efficient as 
ships. Lower energy intensity translates to lower fuel consumption. With the U.S. importing the majority 
of its petroleum and with much of the worldwide petroleum reserves located in politically volatile 
countries, the United States is vulnerable to supply disruptions (Yergin, 2006). Energy security is another 
factor to account for other than the benefits of lower emissions from intermodal transport.  
Freight transportation is a critical component of the American economy. U.S. reliance on the freight 
transportation system has been growing considerably for some time (Army Corps of Engineers, 2003; 
Bureau of Transportation Statistics, 2005; Greening, Ting, & Davis, 1999; Schipper, Scholl, & Price, 
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A ton-mile is a derivative unit, representing the movement of goods weighing a ton over a distance of 1 mile. 
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1997b; Vanek & Morlok, 2000) .These trends are likely to continue in the coming decades due to 
increasing international and domestic trade. Many researchers expect that along with this increase in 
overall freight transport there will be an increase in intermodal freight transport (Arnold, Peeters, & 
Thomas, 2004; Ballis & Golias, 2002, 2004; Golob & Regan, 2000, 2001; Shinghal & Fowkes, 2002). 
With increasing freight transport activity, it is expected that congestion, emissions, and energy use will 
increase at a similar pace (Komor, 1995; Koopman, 1997; Schipper, Scholl, & Price, 1997a). For 
example, currently, freight transport emits about 470 million metric tonnes  of CO2 (MMTCO2) per year, 
or about 8.3% of fossil fuel CO2 combustion emissions, and about 7.8% of total CO2 emissions (U.S. 
Energy Information Administration, 2007; U.S. Environmental Protection Agency, 2006). Policymakers 
and planners must develop operational and infrastructure improvement strategies to increase the 
efficiency of freight movement to reduce demand for transportation fuels and mitigate environmental 
impacts (Nijkamp, Reggiani, & Bolis, 1997). The market for freight transportation in the United States is 
skewed in favor of unimodal truck transport. The government can implement policies that can eliminate 
or compensate for market imperfections by promoting intermodal freight transport. A policy to cause any 
modal shift would require significant increases in fuel prices to send a strong signal to freight shippers. 
Another precursor for modal shift would be the further containerization of freight, which enables quick 
movement of goods from one mode to another, thereby encouraging intermodal transport such as truck-
to-rail or truck-to-ship movements (PEW Center for Global Climate Change, 2010). 
Operationally, intermodal freight transport sustainability is understudied both in terms of theory and 
application, and the environmental impacts of such transport are only beginning to be evaluated 
systematically (Bontekoning, Macharis, & Trip, 2004; Macharis & Bontekoning, 2004). Recent efforts in 
studying the sustainability of goods movement have included the application of geospatial analysis 
techniques to evaluate the environmental performance of freight transportation (Comer et al., 2010; A. 
Falzarano et al., 2007; J. S. Hawker et al., 2007; J.J. Winebrake et al., 2008). As discussed in Chapter 2, 
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this thesis applies one of these geospatial modeling approaches to study these environmental 
consequences.  
1.3 California in Context 
The movement of goods is particularly important for the state of California.   California represents a 
major international gateway for containerized goods.  Together, the three ports of Los Angeles, Long 
Beach and Oakland handle about 42 percent of the total containerized goods in the U.S.(Bureau of 
Transportation Statistics, 2008) As such, the goods movement and logistics industry is an increasingly 
important sector of jobs for Californians. Since a major share of the containerized freight in the country 
enters through these ports, there are also substantial environmental impacts from goods movement 
activities within the state of California. 
Because of the importance of goods movement to the health of California‟s economy and populace, the 
state has begun to explore the tradeoffs associated with freight movements in the state. Proposition 1B 
titled the Good Movement Emissions Reduction Programs, authorized the Legislature to appropriate $1 
billion in bond funding to the California Air Resources Board (ARB) to reduce air pollution emissions 
and health risks from freight movement along California‟s priority trade corridors (California Air 
Resources Board, 2008).  This thesis contributes to this work by developing a modeling approach that is 
used to evaluate goods movement through California‟s major ports.  The approach discussed in this thesis 
uses currently available commodity flow, vehicle activity, emissions, and other data to describe ocean-
going vessel, truck, and rail emissions associated with goods movement in and through the state.  
Moreover, it recognizes that freight data will improve over time and allows the model to flexibly accept 
best data for modes, ports, and transfer facilities.  This model provides capacity to evaluate alternative 




The purpose of this thesis is to apply this model to evaluate freight flows within the State of California, 
obtain the CO2 emissions of containerized freight movements through the State’s main ports, and 
demonstrate how model parameters can be adjusted to estimate the impacts of transportation policies on 
addressing environmental attributes of State-wide freight flows. While the focus is on showcasing the 
benefits of CO2 emissions reductions through modal shifts, the savings in emissions can be considered in 
the context of pollutants such as particulate matter (PM10), sulfur dioxides (SO2) and oxides of nitrogen 
(NOx) as well. 
Chapter 2 of this thesis presents the methodology, and discusses in detail the modeling tools used for this 
research.  Chapter 3 utilizes the modeling tool in a case study, specific to the goods movement scenario in 
California and analyzes the results in the context of CO2 emissions saved due to modal shifts. It also 
discusses the usefulness of the modeling tool in informing freight policies. Chapter 4 concludes the 
document with discussion on model improvements and future research. 
2 Methodology 
2.1 Overview of the GIFT Model 
This thesis uses the Geospatial Intermodal Freight Transport (GIFT) model currently under development 
in joint research collaboration between the University of Delaware (UD) and the Rochester Institute of 
Technology (RIT). The GIFT model was the first geospatial model to explicitly include energy and 
environmental objectives (e.g., least CO2 emissions, least PM10 emissions, least NOx emissions, etc.) in 
its optimization routines (Comer et al., 2010; A. Falzarano et al., 2007; J. S. Hawker et al., 2007; J.J. 





Figure 6. The GIFT Intermodal network 
As shown above, it is an intermodal network, represented in a geographic information systems (GIS) 
format. The GIFT model was constructed by combining the roadways, railroads and the waterways 
network of the U.S. and Canada along with the intermodal facilities in the North American continent on 
the ArcGIS™ platform. The transportation network data and the facilities data was sourced from the 
National Transportation Atlas Database (NTAD) maintained by the US Department of Transportation‟s 
Bureau of Transportation Statistics (BTS); GeoGratis, maintained by Natural Resources Canada; and 
STEEM (an international shipping database describing the ocean shipping lanes), developed by 




Table 2. Databases evaluated for GIFT 
DATABASE ROAD RAIL WATER FACILITIES 
National Transportation Atlas Database (NTAD) Yes Yes Yes Yes 
US Army Corps Engineers (USACE) No No Yes Yes 
Streetmap USA (2008 TeleAtlas) Yes Yes No No 
STEEM (University of Delaware) No No Yes Yes 
ALK (ALK Technologies, www.ALK.com) Yes No No No 
GeoGratis/National Resource Canada Yes Yes Yes No 
GeoBase Canada (high detail) Yes No Yes No 
Land Information Ontario (Canada) Yes No Yes No 
Loadmatch Intermodal (www.loadmatch.com ) No No No Yes 
The Drayage Directory (www.drayage.com ) No No No Yes 
Railroad Performance Measures 
http://www.railroadpm.org/home/rpm.aspx  
No Yes No Yes 
 
The key to building the intermodal network was to create nodes (modal transfer points) where the 
independent modal networks (road, rail, and waterway) intersect at an intermodal facility. This was 
achieved through the creation of artificial: (1) road-to-transfer facility connections; (2) water-to-transfer 
facility connections; and (3) rail-to-transfer facility connections. This “hub and spoke” construct models 
freight transfer from one freight mode to another through transfer facilities such as ports, railyards, and 




Figure 7. Connecting Road, Rail and Waterway networks at Intermodal Facilities through the Hub-
and-Spoke Model 
 
2.2 Using the GIFT Model 
A primary purpose of the GIFT model is to quantify the operational costs, time-of-delivery, energy use, 
and emissions from freight transport to evaluate tradeoffs among these criteria.  The main concept is to 
associate „Costs‟ with traversing each segment of the transportation network (Figure 7 and Figure 8), and 
to provide multiple ways to make the specific „cost‟ depend on the vehicle type, fuel choice, operational 





Figure 8. "Cost" attributes associated with transportation network segments 
 Source:(J.S. Hawker et al., 2010)  
 
These „Costs‟ or „Cost Factors‟ are primarily temporal, economic, and environmental attributes associated 
with each segment of the transportation networks. These attributes are used to search for routes that 
minimize the total “Costs”. GIFT not only solves for typical objectives such as least-cost and time-of-
delivery, but also for energy and environmental objectives, including emissions of CO2, carbon monoxide 
(CO), NOx, SO2, PM10, and volatile organic compounds (VOCs).  
The calculation of these “Cost Factors” is performed externally through the Three-Mode Emissions 
Calculator, a bottom-up activity based model developed by the GIFT research team. The calculations are 
based on using equations derived from the basic principles of physics. These principles involve the 
energy, materials content in fuels, engine efficiency etc. The “activity-based” model is utilized to generate 
values for energy consumption and emissions along any network segment. Details on the emissions 
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Figure 9. Computing Emissions and Energy from First Principles 
 
Figure 9 shows the graphical user interface (GUI) designed for the user to specify the vehicle attributes, 
which are then used by the Three-Mode Emissions Calculator to compute the “Cost Factors”. For 
estimating the emissions at the intermodal facilities, a similar tool, but modified to compute the emissions 
associated with the movement of container by cargo handling equipment at the facilities, is used. When 
estimating emissions at the facilities, the spokes are assumed to accumulate part of the emissions involved 
in a mode-to-mode transfer (Figure 7).  
In effect, the total accumulated emissions along a route consisting of an origin point and a destination 
point can be summarized by the following equation  
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 Ep  =total emissions of pollutant p  
 TEi,p  =transfer facility emissions penalty at transfer facility i for pollutant p  
 lj  =length of segment j in miles 
 EFj,p  =emissions factor for pollutant p and segment j in grams/TEU-mile 
 
The emissions counted on a per TEU-mile
4
 basis are obtained for the three different modes depending on 
the vehicle attributes specified by the user through the emissions calculator or user-entered emissions 
rates. When optimizing for a particular emission, the travel routes are so selected that the accumulated 
emissions are minimum.  
By adding energy and environmental attribute information to segments of the national highway, rail, and 
waterway network, the environmental performance measures associated with current freight flows can be 
reported. When run with existing freight route data, such a model could output the energy and 
environmental impacts associated with cargo flows along the network. In addition, the model can also be 
programmed to evaluate alternative cargo flow patterns that minimize energy consumption and emissions 
of CO2, PM10, NOx, SO2, and VOCs and compare these network solutions with least cost or shortest 
distance intermodal routes for moving freight, thereby allowing decision makers to evaluate tradeoffs and 
explore various kinds of infrastructure development alternatives. This brings significant power to 
forecasting scenarios, where future policy, infrastructure capacity constraints, or improved infrastructure 
decisions modify extrapolated forecasts of goods movement in current patterns. 
                                                     
4 
A TEU-mile is a derivative unit, representing the movement of a twenty-foot equivalent goods container over a 
distance of 1 mile. 
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The basic structure and use of the GIFT model can be summarized in Figure 10. As shown in the figure, 
there are various parts (or modules) involved in the analysis of a case study scenario. The first, and the 
primary component, is the data, which defines the attributes of the freight system under consideration. 
The following paragraphs detail the data items involved in constructing a version of GIFT that facilitates 
understanding the impacts of port-generated traffic in California and enables case study analysis of the 
trade-offs of various policies. 
 
 
Figure 10. Structure and Use of the GIFT Model  
Source: (J.S. Hawker et al., 2010) 
 
 
Data used in GIFT include the following: 
1. Geospatial data for transportation networks 
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2. Geospatial data for intermodal transfer facilities 
a. Ports 
b. Railyards 
c. Truck terminals 
d. Which transportation network segments the transfer facilities connect 
3. Operational characteristics of road, rail, and waterway traversal 
a. Speeds 
b. Operating cost 
4. Operational characteristics of transfer facilities 
a. Time associated with intermodal transfers and other delays such as reconfiguring trains in 
a rail yard or queuing containers at a port 
b. Operating cost 
5. Emissions and energy of vehicles on transportation networks 
a. Emissions of CO2, PM10, and other criteria pollutants 
b. Energy consumed by vehicles 
6. Emissions and energy of transfer facilities operations 
a. Emissions of CO2, PM10, and other criteria pollutants of cargo handling equipment, 
vehicle support equipment (such as ship hoteling power) and other facility operations 
b. Energy consumed by cargo transfer operations 
7. Freight flows 
a. Originations and destinations of cargo entering or leaving California ports 




The items numbered 1 to 6 have been, for the purpose of this thesis, kept at their default values. These 
default values have been carried over from previous case studies conducted using the GIFT model. My 
contribution to the research has been the creation of a framework for obtaining the freight flows for 
containerized goods which allows GIFT to be used for estimating environmental attributes associated 
with port traffic. An important part of understanding the impacts of port-generated container traffic in 
California is a characterization of the originations and destinations (O/Ds) of freight to and from the 
California ports, and the volume of freight between those locations.  In Sections 2.3 through 2.5, I outline 
the methodology developed to obtain the O/D volume sets for the three major port regions in California. 
Some of the O/D data represent goods movement within the region of the port, characterizing drayage 
operations between the port and local truck terminals where the freight is reconfigured for O/Ds beyond 
the region.  Some of the data characterize statewide and nationwide transportation of freight to and from 
the California ports. Some of the data characterize first drops. 
In this research, I have assisted the GIFT team to enhance the flexibility of the model to use a batch input 
table of originations, associated destinations, and their freight volume values to compute cost-optimal 
routes (cost: emissions, time, operating cost, etc.) between those locations and then present cumulative 
(freight-flow weighted) emissions, energy, and operating cost impacts for these multiple O/D-volume 
sets.  Using this new GIFT capability, I ran a case study using selected O/D volume sets and estimated the 
impact of freight movement within the U.S. and the state of California.   
 
2.3 Creation of the Origin-Destination Freight Volume Flow Model 
This section deals with the creation of the Freight Flow Volume model for the Origin-Destination (O/D) 
pairs, which represents the originations and destinations (O/Ds) of freight to and from the California 
ports, and the volume of freight between those locations. This O/D Freight Volume Flow Model is the 
basis of the framework for obtaining the containerized freight flows which allows GIFT to be used for 
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estimating environmental attributes associated with port traffic and is thus an important contribution of 
this thesis.  
Figure 11 shows the concept of the Freight Volume Flow Model. The block arrows highlight the direction 
of the movement of container (TEU) cargo from and to the ports. The freight type is differentiated by the 
origin and destination of the freight. The terminology used in the model is based upon the freight 
definitions used in Waterborne Commerce Statistics Center (WCSC) maintained by the U.S. Army Corps 
of Engineers (US Army Corps of Engineers, 2008).  
 
Figure 11. O/D Freight Volume Flow Model 
To facilitate understanding, the terminology regarding the movement of goods from and to the ports is 
explained on the following paragraphs: 
 Domestic Inbound/ Outbound: This represents the freight traffic which is moving from one 
location to another within the contiguous and non-contiguous states and territories of the U.S. The 
origin of the Domestic Inbound freight and the destination of the Domestic Outbound freight is 
within the limits of the subject port.  
 Foreign Inbound/ Outbound: Foreign Inbound freight represents merchandise originating in 
foreign countries and arriving by marine vessel for direct U.S. consumption and entries into 
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custom bonded storage and manufacturing warehouses. Foreign Outbound freight, on the other 
hand is goods handled at the port which are destined for a foreign destination.  
The direction of the freight traffic is defined with respect to the domestic destination and the ports. The 
Inbound direction represents all freight traffic which is destined for domestic destinations from the port, 
i.e. it is freight that is inbound to the domestic destinations from the ports. The model assumes that the 
total inbound freight to the domestic destinations is the sum of the total Foreign Inbound freight and the 
total Domestic Inbound freight. Total Inbound freight is thus a characterization of the net movement of 
goods away from the port. The Outbound direction of traffic on the other hand represents the movement 
of all goods destined for foreign destinations, i.e. it is freight that is outbound to the foreign destinations 
from the ports. The model assumes that the total outbound freight from the port is the sum of the total 
Domestic Outbound freight and the total Foreign Outbound freight.  Total Outbound freight is thus a 
characterization of the net movement of goods into the port.  
The requirement for building the Freight Flow Volume Model was the accessibility of containerzied 
traffic data characterizing goods movement between the port and the O/Ds. This data was not readily 
available and hence was derived. A primary focus of this thesis was to establish a methodology for 
deriving the aforementioned containerized freight flow traffic between the ports of interest and the related 
O/Ds. In order to derive the containerized freight traffic, two data sets were utilized. 
 The first dataset was the listing of total goods movement (in tons) between the ports and the 
origins/destinations, obtained from two different sources- the publicly available Commodity 
Flow Survey database and the proprietary California Origin-Destination Disaggregated Flow 
database produced by Cambridge Systematics, Inc.  
 The second dataset was the inbound and outbound container data for the ports of interest, 
obtained from the Army Corps of Engineers database. 
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The purpose of the first dataset was to obtain freight distribution patterns for goods movement through 
California, which could then be used as a proxy for the containerized goods movement distribution. This 
distribution was combined with the second data source to estimate the containerized freight traffic 
between the ports and the O/Ds. This process of obtaining port generated containerized traffic from 
freight distribution figures is explained in detail in Section 2.5 . The following paragraphs elaborate on 
the details of the aforementioned data sources.  
2.3.1 Data Source 1a- Commodity Flow Survey (CFS) Database 
As GIFT requires location of the origin and destination pair (O/D pair) in order to generate optimized 
routes and the flows of freight in the region, one of the first steps is to obtain O/D pairs which reflect the 
flow of freight for the ports of interest. 
The origins and destinations for the routes were sourced from the 2007 Commodity Flow Survey (CFS) 
data which is published on the U.S. Census Bureau website (http://factfinder.census.gov).  CFS provides a 
comprehensive picture of national freight flows which includes estimated shipping volumes (value, tons, 
and ton-miles) by commodity and mode of transportation at varying levels of geographic detail (i.e., 
national, state, select MSAs/ CSAs). The CFS is a shipper-based survey, and captures data on shipments 
originating from select types of business establishments located in the 50 states and the District of 
Columbia. The survey is conducted as a partnership between the Bureau of Transportation Statistics and 
the U.S. Census Bureau, on a five-year cycle as a component of the economic census (Bureau of 
Transportation Statistics, 2007). 
The following characteristics of the data make it an attractive source for freight modeling purposes in the 
model: 
 Only available source of data that provides about 71% of the value and 69% of the tonnage of 
freight transported through the highways 
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 Provides estimated shipping volumes (value, tons and ton-miles) by commodity and mode of 
transportation at varying levels of geographic detail 
 CFS data are used as the basis for the Federal Highway Administration‟s Freight Analysis 
Framework (FAF), a model that displays by mode the movement of goods over the national 
transportation network 
Figure 12 gives an example of the listing of CFS data for the Los Angeles-Long Beach-Riverside 
Combined Statistical Area (CSA). The data lists the dollar value and the tonnage of the total freight flow 
from the origin area to the rest of the U.S., along with figures for individual origin and destination pairs, 
which include states (as a whole) and select MSAs/ CSAs within those states. There are also entries which 
represent areas of the state which are not part of the listed MSAs/ CSAs, and are labeled “Remainder of 
(State)” as such.  
 
Figure 12. CFS data for Los Angeles - Long Beach Area  
Source: Commodity Flow Survey 2007 
 
In some cases, data were suppressed (shown by „S‟ in Figure 12), either because of the requirement of 
avoiding disclosure of confidential data or because of reasons of poor data quality standards. While 
importing CFS data, these entries were assumed to be „0‟ for all purposes. The entries for the States (as a 
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whole) were excluded from the final dataset as they represented the totals for the list of MSAs/CSAs 
regions and the “Remainder of” regions of the states.  
The following modes of transportation are covered in the survey: For-Hire Truck, Private truck, Rail, Air, 
Shallow draft vessel, Deep draft vessel, Pipeline, Parcel, U.S. Postal Service, or courier, and other and 
unknown modes. For this deliverable, we consider the total amount (tons) of goods moved across all 
modes as representative of the freight movement.  
The most important feature of the CFS dataset is that the shipping volumes can be obtained at varying 
levels of geographic detail.  This helps in creating the listing of O/D pairs that can be utilized in the mode 
to mode freight flow emissions. The levels of geographic detail in the CFS dataset can be broadly 
classified into 3 categories: State, Combined Statistical Area (CSA), Metropolitan Statistical Area (MSA), 
and Remainder of State (areas of state outside the CSA/MSA). A number of adjacent MSAs, in various 
combinations, can become part of a new complementary area, defined as a CSA (Office of Management 
and Budget, 2000; Univ of Iowa). Thus, a State is comprised of CSA(s) and/or MSA(s) and the 
Remainder of State region. Together, they make up the State as a whole.  Figure 13 illustrates the concept 
of the CFS regions in the context of California. The CFS data defines a total of 73 select CSAs/MSAs in a 
total of 35 states. Each of these 35 states also has a “Remainder of State” region. The remaining states are 




Figure 13. California CFS Regions  
Source: Commodity Flow Survey 2007 
 
The CFS provides the freight volume between an origin region located in a CSA/MSA and a destination 
region located in a CSA/MSA.  These data were used to build a listing of O/D pair regions which 
represented freight flows. The geographic location of originations and destinations were aligned with 
intermodal transfer facilities to provide realistic routes and to ensure that route selection did not favor one 
mode over another. In the thesis, I concentrated on the three major ports on the west coast represented by 
the following CSAs: 
 San Jose-San Francisco-Oakland, CA Combined Statistical Area 
 Los Angeles-Long Beach-Riverside, CA Combined Statistical Area 




The aforementioned ports were considered as they handle a major portion of the total container traffic in 
the U.S. Together, the three port regions of Los Angeles-Long Beach, Oakland, and Seattle-Tacoma 
accounted for 52 percent of the total container imports in the U.S. for 2008 (Bureau of Transportation 
Statistics, 2008). 
2.3.2 Data Source 1b- Cambridge Systematics Origin-Destination Database 
The Cambridge Systematics Origin-Destination (O/D) Database disaggregates the Freight Analysis 
Framework 2.2 (FAF2) data at the county level into a new O/D database. The FAF2 data is a freight 
database that provides estimates of commodity flows and transportation activity among states, 
metropolitan regions and international gateways. It is built from publicly available statistics such as the 
Commodity Flow Survey (CFS) and other sources highlighted on the FAF homepage 
(http://ops.fhwa.dot.gov/freight/freight_analysis/faf/index.htm).  
Cambridge Systematics used principles of regression analysis in disaggregating the freight flow at the 
regional level to that at the county level. The freight traffic tonnage is estimated at the county level by 
forming regression models with explanatory variables such as industry employment, population and other 
factors that affect the production or consumption of a particular commodity in a county. For the counties 
in California, the tonnage values are adjusted for modal accessibility. The resultant database thus provides 
freight flow statistics by commodity and by mode, from and to the counties within the state of California. 
Further details on the Cambridge Systematics FAF2 methodology are discussed in Section2.6 . 
2.3.3 Data Source 2- Port Container Data 
The second source of data utilized in the case study was the number of containers handled by the ports of 
interest. Since CFS does not provide freight figures specific to container traffic, a separate data source 
was needed to account for the container freight that originated at the ports. Also, the container traffic from 
and to the port representing the foreign inbound/outbound and the domestic inbound/outbound container 
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data was needed to successfully model the freight movement (Figure 11). These data were obtained from 
the Waterborne Commerce Statistics Center, maintained by the Army Corps of Engineers (ACE) (Army 
Corps of Engineers, 2003). Table 3 lists the container statistics for the three port regions, along with the 
total inbound and outbound freight calculations. Only loaded containers were considered for this case 
study.  Only the statistics regarding loaded containers was used. 
Table 3. Port Container Statistics 





































12,291 24,082 2,972,860 838,422 
Oakland 56,126 139,157 489,742 314,921 454,078 545,868 
Seattle 48,412 169,347 516,940 503,624 672,971 565,352 
Source: USACE WCSC (http://www.ndc.iwr.usace.army.mil/wcsc/by_porttons03.htm). 
2.4 Using CFS Data to Obtain Freight Distribution 
In creating the database of the origin-destination pairs that represent container freight flow, the first step 
involved was to calculate the distribution of freight tonnage as per the CFS figures. The rationale was to 
estimate how freight gets distributed from the origins of interest – the three west coast port regions – to 
the rest of the U.S. The distribution of freight was obtained as a percent of the total tonnage moving out of 
the port region to the different regions of the U.S. as defined by CFS. The estimation of the freight 
distribution used of the following equation: 
                                                     
5
 A TEU is a measure of containerized cargo capacity equal to 1 standard 20 ft length by 8 ft width by 8 ft 6 in 
height container, with a maximum cargo capacity of 48,000 lbs. 
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Equation 2 
Where,  
    =Origin (port region)  
    =Destination (MSA/CSA, Remainder of State etc)  
      =Freight flow from   to   (as percent of total freight flow from   to all ) 
     =Tons of freight flow from   to   (as obtained from CFS) 
and 
    =1, 2, 3 (for the three port regions) 
    =1, 2, 3, 4,…,123 for each   
 
As illustrated by the parameters of Equation 2 there were a total of 123 destinations for each origin (port) 
region of interest. These 123 destinations included the MSA/CSA regions and the Remainder of State 
regions as defined in the CFS dataset, and the States for which there were no defined CSAs/MSAs. The 
complete list of the CFS regions can be found in APPENDIX A: CFS Defined Regions and Equivalent 
FAF2 Regions. There were a total of 123 O/D pairs that were thus identified from the CFS dataset for 
each port. The O/D pairs excluded any state level data for those states which were defined to have a 
CSA/MSA and a „Remainder of‟ region. The rationale for this exclusion was to eliminate any extraneous 
data as the tonnage figures for the state level data were just the total of the tonnage figures for the 
MSAs/CSAs and Remainder regions of the state.  
The freight distribution, as obtained through Equation 2 for each of the three port regions, was then 
tabulated in a Microsoft Excel file along with the list of the O/D pairs.  The freight distribution was 
helpful in visualizing how freight moves in the geospatial context. For example, Figure 14 shows the 
freight distribution obtained for the origin region of Los Angeles-Long Beach-Riverside CSA. As can be 
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seen from the map the majority (~87%) of the freight originating from the region moves within the region 
itself and to destinations located within the state of California. Less than 15 % of the total freight 
originating from the Los Angeles-Long Beach-Riverside CSA moves to locations outside of California. 
Such an observation is in accordance with the gravity model of freight transport i.e. freight volume 
between an O/D pair is inversely related to the distance between the O/D pair. 
In order to provide a better geographical resolution, multiple destinations were represented within the 
„Remainder of‟ regions in the 35 states as listed in the CFS dataset. These additional destinations 
numbered either 2 or 3 for the each of the states and represent other major metropolitan areas within the 
state not captured by the CSA regions. In splitting the remainder region of a state into multiple 
destinations, the tonnage figures for the region (as obtained from CFS) were distributed evenly among the 
derivative destinations. To illustrate the concept, consider the „Remainder of Arizona‟ region. A total of 
two destinations were chosen within this region – „Remainder of Arizona 1‟ and „Remainder of Arizona 
2‟. Thus, we have 
 Tonnage for Remainder of Arizona = 2,008 tons 
 Tonnage for Remainder of Arizona 1 = 2,008 / 2 = 1,004 tons 
 Tonnage for Remainder of Arizona 2 = 2,008 / 2 = 1,004 tons 
For a region with 3 destinations, the tonnage figures were split in 3 parts. This additional number of 




Figure 14. CFS Freight Distribution for LA/LB 
Since the objective of the thesis was to produce a California-specific intermodal freight transport analysis, 
the data obtained from CFS were tailored to enable a better resolution for the estimation of the energy and 
environmental impacts of freight movement through California. Three different approaches were 
considered in the process. They are discussed in the following paragraphs.  
2.4.1 Approach 1- Distributing Freight at the CSA/MSA Level 
In this approach, the list of destinations was the same as specified in the CFS dataset. Thus, California 
had a total of 5 destination regions – 4 CSAs and the Remainder of the state. The list of the CSAs/MSAs 
is mentioned below: 
 San Jose-San Francisco-Oakland, CA Combined Statistical Area 
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 Los Angeles-Long Beach-Riverside, CA Combined Statistical Area 
 Sacramento--Arden-Arcade--Truckee, CA-NV Combined Statistical Area (CA Part) 
 San Diego-Carlsbad-San Marcos, CA Metropolitan Statistical Area 
The distribution of freight to these destination regions was obtained using Equation 2 as explained in 
previous sections. This was the default level of resolution of freight distribution for California. The list of 
the destinations outside the state of California was kept the same as was listed in the original CFS dataset. 
Thus, the number of total O/D pairs was 150.  
2.4.2 Approach 2- Distributing Freight at the CSA/MSA Level 
In this case, the freight destined for the CFS regions within the state of California were disaggregated at 
the county level. The purpose was to achieve a higher resolution for analyzing freight movement in the 
state. As in the previous case, the list of the destinations outside the state of California was kept the same 
as was listed in the original CFS dataset. The process involved finding the list of all the counties (a total 
of 58) in California, along with their 2007 population estimates. These data were obtained from the 
California Department of Finance (State of California Department of Finance, 2009). Counties within 
each of the 5 regions specified in the CFS dataset were identified and categorized accordingly. 
The county distribution among the CFS regions is highlighted in Figure 15 and is summarized below: 
 San Jose-San Francisco-Oakland, CA Combined Statistical Area  9 counties 
 Los Angeles-Long Beach-Riverside, CA Combined Statistical Area 5 counties 
 Sacramento--Arden-Arcade--Truckee, CA-NV Combined Statistical Area (CA Part)  4 counties 
 San Diego-Carlsbad-San Marcos, CA Metropolitan Statistical Area  1 county 




Figure 15. CA Counties and associated CFS regions  





Having found out the number of counties in a CFS region and their respective populations, the next step 
was to obtain a population distribution across the counties within each region. The rationale behind this 
step was the assumption that the population of a region would be a deciding factor in attracting freight to 
that region i.e. population drives consumption. Obtaining population distribution for the counties would 
then enable the estimation of the freight distribution at the county level for California. To calculate the 
population distribution across the counties, the following equation was utilized 
        (
    
∑ ∑        
)       
Equation 3 
 Where,  
       = Weighted population of county   in CFS region   (as percent of the total   
  population of region ) 
      =Population of county   in CFS region    
and 
    =variable, for each   (dependent upon number of counties in a particular region) 
    =1 to 5 (for the five CFS defined regions in CA) 
 
The weighted population values for each of the counties indicated the distribution of population across the 
counties in a region. The values are tabulated in Figure 15.  For example, it can be seen that Los Angeles 
County has 56.3% of the total population of all the counties in the Los Angeles-Long Beach-Riverside, 
CA Combined Statistical Area. This implies that Los Angeles County would have the highest attraction 
for freight amongst the counties which make up the CFS region.  
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The final step was to estimate the freight distribution based on the calculated population distribution 
across the counties in California. In effect, it meant the freight distribution for a region was weighed by 
the population distribution of the region. The following equation illustrates this concept: 
       (
    
∑ ∑        
)  (
   
∑     
)      
Equation 4 
Where,  
  =Origin (port region)  
   =Destination region (MSA/CSA, Remainder of State)   
   =County within region j 
     =Population of county   in CFS region    
    =Tons of freight flow from   to   (as obtained from CFS) 
     =Freight flow from   to   (as percent of total freight flow from   to   in which   resides) 
and 
   =1, 2, 3 (for the three port regions) 
   =1 to 5 (for the five CFS defined regions in CA) 
   =variable, for each   (dependent upon number of counties in a particular region) 
 
This level of resolution resulted in the inclusion of additional destinations for the three port origin 
regions. Disaggregating the 5 CFS regions within the state of California into their respective counties 
increased the total number of O/D pairs to 203. Comparing Equation 4with Equation 2 it be seen that the 
freight distribution at the county level is the freight distribution at the CSA/MSA level weighed by the 
population of the counties which make up the CSA/MSA region.  
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2.4.3 Approach 3- Distributing Freight at the Sub-County Level 
In this scenario (the next higher level of resolution) the freight destinations were chosen to be 
incorporated cities (or places) within the counties. Figure 16 illustrates the hierarchical relationship 
between a county and an incorporated place. A county is made up of subdivisions- typically called a 
Minor Civil Division (MCD) or Census County Division (CCD). 
 
Figure 16. Census Geographic Areas  
Source: US Census Geographic Areas Reference Manual (GARM) 
 
An MCD is a legal entity with a governmental unit and legal boundaries. MCDs are thus primary 
subcounty administrative units. A CCD is a statistical equivalent of an MCD, which has been designated 
by the Census Bureau in cooperation with the State officials and census statistical areas committees. 
CCDs have no governmental or administrative functions. They are established in places where either 
MCDs do not exist or are insufficient for census statistics data purposes. So, a state has either MCDs or 
CCDs as the county subdivisions, not both. California has 386 CCDs (Bureau, 1994; US Census Bureau, 
1994). A place can be considered as a subdivision of an MCD or CCD. A place can be either legally 
incorporated under the laws of the state or can be a statistical equivalent in which case it is referred to as a 
Census Designated Place (CDP). CDPs, as in the case of CCDs lack separate governments. There are 
rules for establishing an incorporated place.  In the case of California, a minimum of 500 registered voters 
are required. Most of the incorporated places have strong local governments and are cities, towns, villages 
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or boroughs. Incorporated places do not extend into more than one state and in California they do not 
cross county boundaries (US Census Bureau, 1994).   
In this thesis, only the incorporated places within the five counties in the Los Angeles-Long Beach-
Riverside CSA were considered in order to demonstrate the capability of GIFT to model freight routes at 
this level of geographic resolution. Among the five counties themselves, the total number of incorporated 
cities amounted to 180. Thus, there were a total of 180 O/D pairs. The distribution of the incorporated 
cities across the five counties is summarized below: 
 Los Angeles County 88 incorporated cities 
 Orange County 34 incorporated cities 
 Riverside County 24 incorporated cities 
 San Bernardino County 24 incorporated cities 
 Ventura County 10 incorporated cities 
Figure 17 shows, for example, the layout of the incorporated areas in LA County. The total number of 
incorporated places within the county numbered 88 with the smallest being Vernon with a 2007 
population estimate of 95 and the largest being Los Angeles with an estimated population of 
approximately 4 million (State of California Department of Finance, 2009).  Most of the incorporated 
areas are in the vicinity of the city of Los Angeles itself. Another point of note is the existence of 
unincorporated areas in the county. These areas, also referred to as balance of county, contain territories 






Figure 17. LA County Incorporated Places  
Source: LA County Chamber of Commerce 
 
The process for obtaining the freight distribution at the city level was similar to that followed for 
obtaining the distribution at the county level.  The first step was to obtain the population of the identified 
incorporated cities within the five counties. These data were obtained from the California Department of 
Finance website(State of California Department of Finance, 2009).  Then, the population distribution 
across the incorporated cities was calculated, as percent of the population of the county. For example, the 
city of Los Angeles has about 56% of the total population in LA County. These city-level population 
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distributions were then applied to the freight distribution obtained at the county level (which was obtained 
using Equation 4), as illustrated by Equation 5.  
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)  (
    
∑ ∑        
)  (
   
∑     
)      
Equation 5 
Where,  
   =Origin (port region)  
   =Destination region (MSA/CSA, Remainder of State)   
   =County within region    
   =Incorporated city within County   within region    
      =Population of city   within County   
     =Population of county   in CFS region    
    =Tons of freight flow from   to   (as obtained from CFS) 
     =Freight flow from   to   (as percent of total freight flow from   to   in which   resides) 
and 
   =1, 2, 3 (for the three port regions) 
   =1 to 5 (for the five CFS defined regions in CA) 
   =variable, for each   (dependent upon number of counties in a particular region) 





The three approaches can be summarized by Figure 18. The three approaches to distributing freight in the 
state of California were discussed to demonstrate the flexibility of modeling freight distribution at varying 
levels of geographic detail. Any of these approaches can be utilized for the California-specific GIFT 
model, provided there is accurate data available on the movement of goods between the port regions and 
the aforementioned destinations i.e. CSA/MSA regions, counties and incorporated cities.  
 
 
Figure 18. Distributing freight flow 
 
2.5 Applying Freight Distribution to Port Container Statistics 
As mentioned before, the dataset available from CFS does not list the amount of containerized freight 
moving in between O/D pairs in terms of TEUs. It lists the total tonnage amount which includes all kinds 
of freight movement (containerized and bulk) between origins and destinations in the U.S. As the focus of 
the study was to model containerized freight flow, these data (from CFS) were used to obtain freight 
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distribution patterns for goods movement through California, which were then used as a proxy for the 
containerized goods movement distribution. 
The freight distribution figures thus obtained were applied to the port container traffic figures that were 
obtained from the Army Corps of Engineers WCSC. The premise behind doing so was the assumption 
that the port generated container traffic would follow the same distribution pattern as obtained for freight 
from the CFS dataset. Applying the CFS freight distribution to the port generated container gave an 
estimation of the container traffic (in TEUs) between O/D pairs (O/D TEUs). This estimation was derived 
using the following sets of equations: 
              
Equation 6  
              
Equation 7 
              
Equation 8 
Where,  
   = Origin (port region)  
   = Destination region (MSA/CSA, Remainder of State)   
  =County within region    
   =Incorporated city within County   within region    
    =Freight flow from   to   (as percent of total freight flow from   to   in which   resides)  
 (from Equation 5) 
 
     =Freight flow from   to   (as percent of total freight flow from   to   in which   resides)  




     =Freight flow from   to   (as percent of total freight flow from   to all  ) 
 (from Equation 2) 
 
    =Port generated container traffic in TEUs for port region   
      =Container traffic in TEUs from origin port   to incorporated city   
      =Container traffic in TEUs from origin port   to county   
      =Container traffic in TEUs from origin port   to region   
and 
   =1, 2, 3 (for the three port regions) 
   =1 to 5 (for the five CFS defined regions in CA) 
   =variable, for each   (dependent upon number of counties in a particular region) 
   =variable, for each   (dependent upon number of incorporated cities in a particular 
 county) 
 
The last three terms listed above represent the estimated O/D TEUs at varying levels of geographic details 
(as explored by our three different approaches to freight distribution). Figure 19 illustrates the complete 




Figure 19. Process Workflow for freight distribution 
Thus, the methodology of assigning freight to destinations at varying levels of geographic detail (county 
and incorporated city) using data from CFS is population-based. This methodology, as mentioned before, 
stems from the assumption that population drives consumption and hence, is a factor influencing freight 
attraction for a region.  
 
2.6 Using Cambridge Systematics Data to Obtain Freight Distribution 
Cambridge Systematics Inc., used the Freight Analysis Framework 2.0 (FAF2) data, based on 2002 CFS 
data, to obtain O/D tonnage figures at the county level for California. The methodology adopted by 
Cambridge Systematics (CS) was different from the process discussed in the earlier section in that the 
estimation of the O/D tonnage figures at the county level for California were not derived solely based on 
population figures. The following section briefly explains the CS methodology as a point of comparison.  
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Cambridge Systematics used regression analysis to generate equations for production and attraction for 
the counties in California and other FAF2 regions outside of California (Since the FAF2 data was 
generated from 2002 CFS, the FAF2 zones share their boundaries with the CFS defined CSAs/MSAs and 
“Remainder of” regions). 
For the regression equations, the tonnage figures were the dependent variable. The explanatory variables 
were factors which thought to affect the amount of a commodity produced in a region or destined for a 
region, such as employment by industry (using the North American Industry Classification System), total 
employment, population etc. Thus, a region with zero employment in an industry would not 
produce/attract any freight in commodities associated with that industry.  
The production and attraction equations were generated by commodity groups as shown on the following 
page. 
                                                  
Equation 9 
 (Here the explanatory variables includes employment in industry that produce the specific commodity 
group along with other variables) 
                                           
Equation 10 
(Here the explanatory variables include employment in industry that consume the specific commodity 
group along with other variables) 
Using the above two regression models, the production of a particular commodity in a county- Pc (i); and 
the attraction of a particular commodity to a county- Ac (i) were estimated. These figures were then 
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aggregated to compute the production (or attraction) of a particular commodity in the FAF2 zone which 
the counties were associated with.  The following equations illustrate the concept 
PFAF (i) = ∑        
Equation 11 
AFAF (i) = ∑        
Equation 12 
Finally, the ratio of the county production (or attraction) to the FAF2 zone production (or attraction) was 
utilized to break down the original 114 x 114 FAF2 O/D pair database to the county level ,which resulted 
in a 3140 x 3140 O/D pair database, thereby including all the counties in the US. The following equation 
sums this process: 
                       (
      
         
)   (
      
         
) 
Equation 13 
For California, the figures were adjusted for modal accessibility.  
In this way, the Cambridge Systematics FAF2 disaggregated database provided direct figures for the 
percent of freight flowing from a CSA/MSA (or a port region) to a particular county. This data can then 
be processed to obtain the freight distribution at the county level and the CSA/MSA level by following 
the methods explained in Section 2.4. The difference lies in the fact that there is no need to disaggregate 
data at the county level through using population figures. After obtaining the freight distribution patterns, 
the containerized traffic flow estimates between the ports of interest and the O/D pairs can be calculated 
using through the process discussed in Section 2.5.  
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2.7 Comparing the Approaches to Freight Distribution  
A total of four disaggregation methods (at various refined levels of geography) were considered to 
estimate containerized traffic flows between the ports of interest and the O/D pairs.  For O/D pairs outside 
of California (the “remainder of state” locations of CFS and FAF2), the flow volume was distributed to 
major cities in the state not explicitly identified as Combined Statistical Areas and Metropolitan 
Statistical Areas (CSAs/MSAs).   For O/D pairs with an origin or destination in California, these data 
were disaggregated based on population.  Table 4 summarizes the disaggregation approaches, and Section 
2.8 provides more detail on how O/D pair locations are aligned with intermodal transfer facilities. 
Table 4.  Approaches to disaggregate flow data 
Approach Within CA Outside CA Datasets 
1 Same as approach for “outside CA” Distribution from CFS O/D 
pairs; facilities located in major 
cities for CSAs; for “remainder 
of” regions, distributed to other 
large cities in the region equally; 
identification of other cities was 
somewhat arbitrary; destination 
at intermodal facilities in the 
cities OR at retail locations 
within the city. 
CFS 
2 Distribution by county in CA based 
on population of the county; 
destinations are determined by 
selecting an intermodal facility that 
is in the largest city within each 
county, or a warehouse or retail 
center within the largest city within 
each county if no intermodal 
facility exists. 
Same as approach 1 CFS 
3 Distribution by incorporated city 
within the LA/LB region (only) 
based on population to demonstrate; 
outside of LA/LB approach #2 
applied; destinations in 
incorporated cities would be at 
intermodal facilities OR retail 




Same as approach 1 CFS 
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Approach Within CA Outside CA Datasets 
4 Distribution from Cambridge 
Systematics disaggregation of the 
FAF2 dataset; destinations are 
identified as in approach #2 to 
identify destination locations for 
network modeling. 
Distribution from Cambridge 
Systematics FAF2; destination 




The different approaches provided similar results.  For this thesis, a case study was developed using 
approach #4, as it provided the requisite resolution needed with recently-available data outside of 
California, and appropriate disaggregation within California. As GIFT is data independent, it was 
straightforward to incorporate the Cambridge Systematics freight distribution data in a freight flow 
analysis scenario.  The ability to incorporate alternate data is what makes GIFT unique. It can provide 
accurate estimation of the environmental impacts of freight transport, provided it has accurate data to 
work upon. 
2.8 Aligning O/D Pair Locations with Intermodal Facilities 
The next step in building the freight flow model was to locate the intermodal facilities. Each of the origins 
ports was visually verified on Google Maps™ and its geospatial information was noted down (Figure 20). 
For the destinations, a similar process was followed. In case of the MSAs/CSAs, the destination location 
was chosen to be a centrally located point in the largest city of the region. This would usually be a NTAD 
intermodal facility – if it existed – or an industrial area, shopping mall or retail center – if there were no 
facilities in the region. Figure 21 shows the overall process of building the origin-destination framework 




Figure 20. Verifying Facility location using Google Maps 
Source: Google Maps™ 
 
 
Figure 21. Building the O/D pair framework 
 
Within the state of California, there was a single destination within each county. This destination was 
chosen to be the most populous incorporated city of the county. Outside the state of California, the 
locations for the “Remainder of” regions were chosen to be the next major urban areas apart from the 
listed MSA/CSA for a particular state. For example, Remainder of Arizona 1 was chosen to be Flagstaff 
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and Remainder of Arizona 2 was chosen as Yuma, with Phoenix and Tucson as the listed MSA/CSAs for 
the state. Once again, Google Maps™ was helpful in locating the regions (see Figure 22). 
 
 Figure 22. CFS Destinations in Arizona  
Source: Google Maps™ 
 
The final output of the O/D pairs list contained the geospatial information for each destination along with 
freight and container traffic data. Figure 23 shows a partial view of the resultant data set for the Oakland 
port area. The inclusion of geospatial information in the O/D pair data set facilitates seamless transfer of 
the data to ArcGIS™ and enables GIFT to analyze it with ease.  
The process of importing O/D pair data set into ArcGIS™ is explained in detail in APPENDIX B. Figure 
24 shows the locations of the different destinations for the west coast ports, as obtained from the CFS data 





Figure 23. O/D pair Data Set for Oakland port Area 
 
Figure 24. CFS destinations for the West Coast Ports 
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3 Case Study: Using GIFT to Estimate CO2 Emissions from Goods 
Movement in California 
Using the GIFT model and California-specific model inputs, a detailed case Study was carried out to 
evaluate CO2 emissions from port-associated goods movement, by focusing on four major West-Coast 
ports in three regions. The three port regions chosen for the study were: 
 Northern California: Port of Oakland 
 Southern California: Port of Los Angeles and Port of Long Beach 
 Northwest: Port of Seattle 
These three port regions accounted for 52 percent of the total container imports to the U.S. for 2008 
(Bureau of Transportation Statistics, 2008), making them a natural choice to include in the case study to 
model the effects of containerized freight movement (see Figure 25).  The case study is concentrated on 




Figure 25. Top 25 Container Ports U.S. 2008  
Source: Bureau of Transportation Statistics (BTS), US Dept. of Transportation 
3.1 Assumptions for the Model 
GIFT provides environmental attributes for the solved routes from the custom evaluator based on the type 
of vehicle and vehicle attributes entered by the user.  For the case study, specific assumptions were made 
regarding the modes of transportation available and the fuel type used.  The following paragraphs discuss 
the specified fuels, vehicle types, and operating parameters.  
3.1.1 Emission rates 
3.1.1.1 Truck Assumptions 
A Class 8 heavy-duty vehicle (HDV) that met model year (MY) 1998-2002 emissions standards was 
assumed to be carrying two TEUs weighing a total of 20 tons. The fuel economy of the vehicle was 
assumed to be 6.0 miles per gallon. Furthermore, the emission factors associated with the truck operation 
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were assumed to be 6.06 grams of NOx per brake horsepower-hour (gNOx/bhp-hr) and 0.139 grams of 
PM10 per brake horsepower-hour (gPM10/bhp-hr). The emission factor values were sourced from Table B-
5 and Table B-8 of Appendix B of the Carl Moyer Program Guidelines Handbook (California Air 
Resources Board, Part IV- Appendices, 2008). 
3.1.1.2 Rail Assumptions 
Two Tier-1 locomotives, each powered by a 4,000 hp motor, were assumed to be hauling a 100 well-car 
load, with each well-car carrying an equivalent of 4 TEUs at 10 tons per TEU. This amounts to a total of 
4,000 tons of shipment. An average speed of 25 miles per hour was assumed over the entire rail network. 
The engines were assumed to be operating at an average efficiency of 35% and an average load factor of 
70%. The emission factors associated with the rail were based on Tier 1 levels and assumed to be 6.3 
gNOx/bhp-hr and 0.275 gPM10/bhp-hr. These values were sourced from Table B-18a of Appendix B of 
the Carl Moyer Program Guidelines Handbook (California Air Resources Board, Part IV- Appendices, 
2008). 
3.1.1.3 Ship Assumptions 
Most of the O/D pairs in the case study do not allow for potential water routes, but some could, and the 
GIFT Model can evaluate the potential for waterways to serve goods movement for coastal regions in so-
called "Short-Sea Shipping."  The GIFT Model used vessel characteristics for the prototype short-sea 
vessel “Dutch-Runner” - a 3,070 hp container vessel with a capacity of 221 TEUs, with average payload 
of 10 tons/TEU (total of 2210 tons of freight). The engine was considered to be operating at 40% 
efficiency with an average load factor of 80%. Speed of the vessel was approximated to be 13.5 statute 
miles per hour. The ship operates at the maximum allowable emissions standards for NOx (5.4 g/bhp-hr) 
and PM10 (0.15 g/bhp-hr) – in other words, meeting current regulations and not adjusted for emissions 
control standards that are pending.   
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3.1.1.4 Fuel Assumptions 
The assumed fuel for the model evaluation study is on-road diesel fuel with energy content of 128,450 
BTU/gallon, a mass density of 3,170 grams/gallon, and a carbon fraction of 86%.  We applied this 
assumption to all modes, acknowledging that residual fuels and various quality distillate fuels vary 
somewhat.  At the scale of this case study, the differences are smaller than the variability in other 
assumptions, but future analyses could use GIFT to model various fuels in terms of a low-carbon fuel 
standard or other environmentally beneficial fuel alternatives – either by mode or across modes.   
The aforementioned figures gave a resultant output of 830 gCO2/TEU-mile for truck, 320 gCO2/TEU-
mile for rail and 410 gCO2/TEU-mile for ship. Thus, the most carbon-intensive mode of freight transport 
in this case is truck, followed by the container ship, and then rail (Figure 26).  
  
Figure 26. Emissions intensity for different modes 
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3.1.2 Assumptions for Intermodal Transfers 
While the GIFT emissions calculator computes the emissions associated with each of the network 
segments based on vehicle type, a separate emissions calculator is used to compute the emissions 
associated with the movement of container by cargo handling equipment at the ports. The intermodal 
facilities, represented by a hub-and-spoke model, have environmental attributes similar to those 
associated with the network segments of the three different modes of transport – road, rail and water.   
The assumptions regarding the emissions intensity of the cargo handling activity at the facilities (or ports) 
led to the approximate estimations listed in Table 5. Details regarding the assumptions for intermodal 
transfers can be found in publish literature (Aaron Falzarano, 2008). 
Table 5. Intermodal Transfer Emissions 
Spoke Type Grams of CO2 
per TEU 
Grams of NOx 
per TEU 
Grams of SOx 
per TEU 
Grams of PM10 
per TEU 
Road 9200 1035 6.2 31.5 
Rail 4100 53 0.5 1.6 
Ship 2500 42 0.3 2 
 
3.1.3 Travel Time 
When solving for routes under various scenarios, the accumulated travel time is calculated based on the 
allowable speed limits on the road, rail and water network segments. For the road segments, the allowable 
speed is based on the road class. The common speed values range from 25 mph to 65 mph, with 5 mph 
intervals. For the rail network, a constant speed of 25 mph is assumed throughout the network. In case of 
the waterways, a constant speed of 13.5 mph (~12 knots) was assumed for a radius distance of 20 km 
from the coastline, and 20 mph beyond that.  
63 
 
Apart from the speed being a determinant of the travel time, dwell nodes were included in the rail 
network to take into account the delays associated with the movement of freight through a rail yard 
located at a facility or port. Time accumulation is not discussed in this case study, but it serves as a 
constraint for the least-time routing solution.  
The GIFT emissions calculator calculates emission values based on the assumption of constant average 
speed for rail and ship. The emissions calculated for truck use average fuel economy assumptions, and are 
not adjusted for emissions rate variation with speed or engine load.  Moreover, this case study does not 
adjust for grade and power relationships in truck or rail, and does not consider localized maneuvering 
behavior by ships. The travel times calculated in GIFT are based on the speeds associated with the 
network segments. Thus, the emissions estimated for freight movement are an approximation or best 
estimate.  
3.2 Case Study Results 
The freight data on container traffic from/to the three ports on the West coast were imported into ArcGIS. 
Routes were then solved using GIFT for the origin-destination (O/D) pairs under two different scenarios – 
least-time and least-CO2. This section discusses the results of the two scenarios.  
3.2.1 Least-time Route Emissions 
As shown in Figure 27and Figure 28Figure 28, under the least-time scenario the majority of the container 
traffic from the ports of Los Angeles-Long Beach, Oakland and Seattle are concentrated along parts of 
interstates I-5, I-10, I-15, I-40, and I-90. In the least-time case, the freight is routed through the roadway 
network because of the higher speeds involved. In effect, a total of approximately 2.9 MMT of CO2 
emissions are estimated to occur over the course of the year due to freight moving in and out of these 
three ports on the West coast. This is under the assumption that all the freight moves by truck.  Table 6 
lists the estimated emission figures for the various attributes of choice. Of these, the majority of the 
emissions (~79% of total) are due to traffic moving in and out of the port of Los Angeles-Long Beach. 
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This estimation is supported by the fact that the said port is the biggest on the West coast and one of the 
biggest in the U.S. 
 




Figure 28. Container Traffic to Ports (Least-time Scenario) 









Total Emissions From Traffic from 
Port (MT) 
Total Emissions From Traffic 
towards Port (MT) 












CO2 2,885,360 1,707,510 102,759 144,708 597,680 206,560 126,143 
NOx 55,513 33,116 2,277 2,859 11,013 3,798 2,450 
SOx 151 91 7 8 28 10 7 




Figure 29 shows the distribution of the freight traffic emissions by air basins, for the least-time scenario. 
The majority of emissions are concentrated within the South Coast, San Joaquin Valley and the Mojave 
Desert air basins. This finding is supported by the maps in Figure 27 and Figure 28, which show the 
majority of the freight traffic to be confined within these regions. Thus, it can be seen that emissions in a 
region are correlated with the amount of freight traffic moving within that region. While the map in 
Figure 29 shows estimated CO2 emissions by air basin, it can be considered as a proxy for the 
proportional distribution of NOx, SOx and PM10 emissions from these goods movements. The complete 
list of the CO2 emissions by air basins can be found in Table 9. 
 
Figure 29.  Air Basin Emissions (Least-time scenario) 
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3.2.2 Least-CO2 Route Emissions 
In the case of the least-CO2 scenario, most of the freight was routed through the rail network because of 
the low emissions involved with moving freight by train (Figure 26). The pattern of the freight 
distribution is similar to the least-time scenario, as evident by the maps in Figure 30Figure 30 and Figure 
31. Table 7 lists the emissions for the least CO2 scenario. In terms of savings in emissions, it is estimated 
that a total of 59% reduction in CO2 emissions is achievable by a modal switch from truck to train. (See 
Table 8 for emissions reduction comparison). This change in emissions can be seen prominently for air 
basins. Figure 32 shows how the emissions reduce across the air basins in California, when compared 
with the visualization show in Figure 29.  
 




Figure 31. Container Traffic to Ports (Least-CO2 Scenario) 









Total Emissions From Traffic from 
Port (MT) 
Total Emissions From Traffic 
towards Port (MT) 












CO2 1,182,764 694,997 45,337 56,556 248,031 87,227 50,616 
NOx 13,628 7,917 597 640 2,820 1,078 576 
SOx 22 13 1 1 4 2 1 




Figure 32. Air Basin Emissions (Least-CO2 scenario) 
3.3 Comparison of Emissions across Scenarios 
Figure 33 shows the amount by which the CO2 emissions reduce across the air basins in California, when 
moving freight by train instead of truck. Given this case study with strict constraints for least-time and 
least-CO2 route solutions, this represents an idealized (that is, a, bounded) scenario for potential CO2 
reductions from system improvements.  Maximum CO2 emissions are reduced along the air basins of 
South Coast, San Joaquin Valley and Mojave Desert.  These three regions were also the ones which 
incurred the most of the freight emissions in the least-time scenario. Thus, a modal shift of freight leads to 
emissions reduction in the most emissions-intensive regions.  Of course, this reduction in emissions may 
require increased travel time if the railroad network average speed (25 mph) is slower than the road 
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speeds; alternatively, if long-haul trucking with single drivers requires rest hours for every 10 hours of 
driving time, these differences may be much smaller. Although the difference in travel time is not listed 
here, GIFT allows the comparison of trade-offs with respect to the travel time when optimizing for 
emissions.  Another point of note is that while the CO2 emissions are reduced across most of California, 
the emissions along the North Central Coast and the South Central Coast increase in case of the least-CO2 
scenario because of the increased freight traffic being routed through the railroads within these regions. 
This finding stresses the importance of geospatial attributes of freight emissions and how it can inform 
policy decisions.  
 
Figure 33. Emission Variations by Air Basin 
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CO2 2,885,360 1,182,764 1,702,596 59.01% 
NOx 55,513 13,628 41,885 75.45% 
SOx 151 22 129 85.43% 
PM10 1,423 574 849 59.66% 
 
Table 9. Emissions by Air Basin 






Difference in CO2 
Emissions due to 
Modal Shift (MT) 
Percent 
Change  
South Coast 375,866 149,421 226,445 -60% 
San Joaquin Valley 178,572 58,690 119,882 -67% 
Mojave Desert 120,951 60,908 60,043 -50% 
San Francisco Bay 67,983 31,173 36,810 -54% 
San Diego County 24,044 3,471 20,573 -86% 
Sacramento Valley 34,912 16,948 17,964 -51% 
Salton Sea 48,900 41,672 7,228 -15% 
Northeast Plateau 8,644 3,994 4,650 -54% 
Mountain Counties 6,536 3,517 3,019 -46% 
North Coast 814 376 438 -54% 
Great Basin Valleys 480 345 135 -28% 
Lake County 36 17 19 -53% 
Lake Tahoe 23 22 1 -4% 
South Central Coast 14,986 17,164 (-2,178) 15% 
North Central Coast 3,100 6,240 (-3,140) 101% 
Total in-state 885,847 393,958 491,889 -56% 
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Note that in Table 9, positive difference corresponds to negative percent change whereas a negative 
difference corresponds to a positive percentage change - both represent CO2 reductions.  
3.4 Analyzing the Case Study Results  
The case study provides two primary insights.  First, the case study quantifies port-related intermodal 
goods movement through the state of California and beyond.  Second, the idealized use of least-CO2 
routing constraints illustrates how emissions savings can be achieved through modal shifts.  Both of these 
insights have relevance for consideration of system-wide improvements that may achieve energy savings, 
CO2 reductions, and associated benefits for air quality.   
The California Greenhouse Gas Emissions Inventory developed by ARB reports that an estimated 26.9 
MMT CO2 were emitted on average from heavy-duty diesel vehicles during the years 2002- 2004. (These 
inventories are available from http://www.arb.ca.gov/cc/inventory/inventory.htm and 
http://www.arb.ca.gov/cc/inventory/data/forecast.htm).  The case study estimates CO2 emissions to be 
approximately 2.89 MMT CO2 from the three West Coast port container traffic using the least-time 
scenario (which comprises mostly trucks), for the same period (Table 6). If we assume that on road 
heavy-duty diesel activity is primarily devoted to freight transport, the GIFT model estimates in-state CO2 
emissions of port-related goods movement are about 11 percent of California CO2 from goods movement. 
This result is expected given that emissions estimated through GIFT only consider (loaded) containerized 
freight moving in and out of the three major ports on the West coast. Also, as shown in Table 10, the 
assumption of 10 tons of cargo per TEU means that emissions are estimated for, on average, about 9 
percent (by weight) of the total goods moving in and out of the three port regions. This may be expected 
given that containerized intermodal payloads are less densely packed than bulk goods.  The difference 
between CO2 (and energy used) and amount of goods moved could be larger a) if the average weight per 




Table 10. Comparing port containers and freight tonnage 
 LA-LB OAKLAND SEATTLE Total 
Inbound Summary  
Destination Inbound TEUs 
6
 A 6,134,033 565,352 545,868 7,245,253 
Port TEU tons
7 
 B(=A*10) 61,340,330 5,653,520 5,458,680 72,452,530 
Region Tons From Region
8
  C 345,566,070 47,178,970 111,289,750 504,034,790 
Percent of total inbound tonnage D(=B/C) 18% 12% 5% 14% 
Outbound Summary  
Destination Outbound TEUs
9
  A 1,835,519 672,971 454,078 2,962,568 
Port TEU tons  B(=A*10) 18,355,190 6,729,710 4,540,780 29,625,680 
Region Tons to Region
10
  C 381,499,940 55,553,670 202,376,070 639,429,680 
Percent of total outbound tonnage D(=B/C) 5% 12% 2% 5% 
Bidirectional Summary  
Total TEUs (Inbound + Outbound) A 7,969,552 1,238,323 999,946 10,207,821 
Port TEU Tons Total B(=A*10) 79,695,520 12,383,230 9,999,460 102,078,210 
Region Tons Total C 727,066,010 102,732,640 313,665,820 1,143,464,470 
Total TEU Tons as Percent of Region  D(=B/C) 11% 12% 3% 9% 
 
Case study findings can also be discussed in the context of the Climate Change Scoping Plan of ARB. 
The ARB scoping plan recommends in measure T-6 that goods movement can achieve a total reduction of 
3.5 MMT CO2 through adoption of system efficiency improvements (California Air Resources Board, AB 
32 Scoping Plan Document, 2010). The estimation of a total reduction of approximately 1.7 MMT of CO2 
occurs through a nationwide modal shift of West Coast port-generated goods movement; within the state 
                                                     
6,7
 Port container data (from US Army Corps of Engineers) 
7









air basins, this reduction is near 0.5 MMT CO2.  Of course, this assumes that all port-related TEUs 
currently move via truck; this case study did not adjust for the amount currently moving via rail, but 
produced two bounding cases (least-time and least-CO2.). Moreover, the port-related mode shift 
assumptions in this case study could be complemented or substituted by similar mode shifts for goods 
moving to and from other California destinations and origins.  The point is that GIFT can provide an 
estimate of the emissions saved through goods movement system improvements, if mode shifts of this 
order could be facilitated.  
3.5 How GIFT Can Inform Freight Policy 
Considering that GIFT can accept multiple user inputs which include vehicle attributes such as engine 
horsepower, engine load factor, load capacity, fuel type, the usefulness of the model can be studied in the 
context of the multiple user inputs.  Table 11 illustrates how GIFT can inform freight policy aimed at 
reducing GHG emissions from trucks, through the variation in user inputs or scenarios.  
Table 11. GIFT Informing Freight Policy Analysis aimed to Reduce Truck Emissions 
Policy Area Specific Policy Examples Model Parameter 
Incentivize efficiency of 
truck mode 
 Fuel Efficiency  standards 
 Technology mandates 
 Driver education 
Fuel Efficiency of Trucks 
(mpg) 
Reduce carbon intensity of 
fuels 
 Taxes   
 Subsidies 
 Low Carbon (LC) fuel 
standards 
 R & D investment 
 
Carbon Content of Fuels 
Expand capacity of  mode 
(Reduce VMT) 
 Size/ weight restrictions 
 




Table 11showcases the application of GIFT to address three major policy areas of focus in freight 
transport, namely increasing the fuel efficiency of trucks; promoting the use of fuel with low carbon 
content; and reducing the vehicle miles traveled (VMT) by trucks. All these policies are aimed towards 
restricting and lowering the emissions from freight trucking activities and are being considered by the 
government and research organizations (Façanha & Ang-Olson, 2009; PEW Center for Global Climate 
Change, 2010; Transportation Research Board, Committee to Assess Fuel Economy Technologies for 
Medium- and Heavy-Duty Vehicles, & National Research Council, 2010; U.S EPA, 2010). The following 
paragraphs discuss these policy areas in brief and the applicability of the GIFT model to analyze these 
issues.  
 Improving Fuel Efficiency of the Trucking Fleet: This is one of the most prominent policies in 
consideration to address the issue of emissions from freight movement. There can be multiple 
ways to achieve this, namely aerodynamic improvements; establishing fuel standards for Heavy-
Duty Vehicles (HDVs) similar to the CAFE standards for passenger vehicles; driver education; 
and lowering speeds. GIFT can help analyze the effect of such a policy outcome through the 
variation in one of the input variables – the MPG of the truck mode (see Figure 9).  
 Promoting the Use of Fuels with Low Carbon Content: Another policy to deal with emissions, 
CO2 in particular, from trucks is to ensure the use of low carbon content fuels. This can be 
promoted through monetary incentives such as imposing taxes on high carbon content fuels, and 
subsidizing the sale of low carbon content fuels; through government action such as establishing 
standards for the carbon content of HDV fuels; and through investment in R&D to develop more 
alternative fuels with low carbon content. GIFT allows the analyst to estimate the outcome of 
such a policy through the variation of the Carbon Content variable (Figure 9). This variable 
allows the user to adjust the carbon content of the vehicle being utilized for the study.  
 Increasing the Size/Weight Restriction of HDVs: Increasing the vehicle size and weight limit 
would offer significant fuel savings for the tractor-trailer fleet, which translates into major 
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emissions reductions. A train carrying freight is much more energy-efficient on a per ton-mile 
basis than a truck carrying freight(see Table 1), because of the much higher freight capacity of the 
train as compared to that of the truck. Increasing the modal capacity of the truck makes it more 
energy efficient and reduces the amount of fuel consumed on a per TEU basis. This also 
translates to lower vehicle miles traveled (VMT) as more freight is moved per trip. The benefits 
of this policy, of course have to be weighed against the increased cost of repairs for the highways, 
which have been built for specific vehicle weights. GIFT allows for the estimation of the 
emission reductions due to increased weight/size capacity of trucks through the variation in the 
Tons per TEU or TEU per load variable (Figure 9). 
While the previous paragraphs discussed how GIFT can be used to assess the potential effectiveness of 
freight policies aimed at reducing GHG emissions from trucks, the flexibility in GIFT regarding user 
inputs allows it to be used for analyzing policies of interest aimed at facilitating intermodal transport. 
Examples of such policies include:  
 Subsidizing Transportation Modes with lower Carbon-Intensity: Such a policy can make less-
carbon and less-energy intensive modes of transport such as rail and ship less costly to use. While 
rail and ship are already more cost-efficient and energy-efficient than truck, subsidizing these 
modes will help „offset‟ any disadvantages that rail and ship might have as compared to truck 
(e.g. a more extensive road network, less time of delivery etc.). In GIFT, this can be modeled by 
adjusting the per TEU-mile cost for each mode. Then the model can be run to analyze the trade-
offs of transporting goods through an intermodal network involving rail and ship, as compared to 
utilizing a unimodal network dominated by truck. 
 Investment in Facility/Transport Infrastructure: This would involve development of new, or 
upgrades to existing, intermodal facilities.  Facility upgrades can help address the delays at the 
facilities, which are mostly in the form of Transfer Delays (which occur during movement of 
goods from one mode to another at ports and terminals and are a function of cargo-handling 
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operations, and intermodal/commodity/product packaging designs) and Dwell Delays (which 
represents delay times associated with cargo waiting at a node for the next segment movement, 
usually a complex function of resource availability and facility design).  Creation of new facilities 
can improve the performance of road, rail, water, and intermodal terminal connectivity for goods 
movement. Implementation of such policies can be modeled in GIFT either through the addition 
of new intermodal facilities through the hub-and-spoke approach, or through the adjustment of 
the Intermodal Transfer Time parameter for each spoke.  
 Another way to offset the drawback of slower delivery of goods through rail and ship as 
 compared to trucks is to upgrade the current rail and ship transportation network infrastructure. 
 This can be conceived in terms of improvements such as higher average speeds for freight rail 
 and ships. In the GIFT model, the variation in rail and ship speed can be achieved fairly easily 
 by adjusting through the figures user interface.  
 Carbon Tax/Fuel Tax: This is analogous to the policy of subsidizing lower carbon-intensive 
modes of transport, except that in this case the more carbon-intensive modes are penalized. A fuel 
tax would be aimed at making low-carbon fuels more attractive to use. A carbon tax, based on the 
amount of CO2 emissions emitted, would be geared towards incentivizing a shift to lower carbon-
intensive modes such as rail and ship; or discouraging the use of unimodal truck routes in favor of 
intermodal routes. Implementing a carbon tax or fuel tax is simple in GIFT and can be achieved 
by increasing the operating cost per TEU-mile for each mode.  
The aforementioned discussion showed how the model parameters for GIFT can be associated with 
real-world transport policies and their effects can be studied and analyzed in the context of 
environmental impacts of freight transport. GIFT allows the analyst to quantify these impacts which 
may include benefits such as lower CO2 emissions, and compare them with cost of implementation of 
such policies, which may involve the cost of subsidizing a particular technology; the political 
repercussions of a fuel tax; loss of jobs due to loss of revenue to oil companies; a negative impact on 
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the trucking industry due to a modal shift and the like. This ability of GIFT to enable the comparison 
between the benefits and cost of policies makes it a useful decision-making tool, as well as a useful 
modeling tool for freight policy analysts. Thus, in summary: 
 GIFT is a model that can be used for system analysis to model environmental (and energy 
attributes) of freight flow. This feature of the model which enables it to be used to study freight 
flows, has been enhanced by the contribution of this thesis.  
 The model parameters can be changed to represent real-world policy scenarios. 
 There are trade-offs associated with reduced emissions (or reduced energy consumption), in the 
form of additional cost and GIFT allows for these comparisons to be made. 
4 Conclusions and Future Work 
This thesis developed the GIFT model for a California focused application and demonstrated its 
configuration and use for evaluating tradeoffs among attributes of goods movement in the State of 
California.  The model can be used to evaluate least „cost‟ transportation routes for single or multiple 
origin-destination pairs.  The model includes the ability to optimize transportation for energy, 
environmental, economic, time-of-delivery, distance, and other attributes.  This thesis involved collecting 
and implementing data obtained specific to the state of California. 
The thesis also demonstrated the model using California-specific inputs through a case study focused on 
CO2 emissions from goods movement of containers moving through the major California ports.  The case 
study concentrated on exploring the least-time scenario emissions v. least-CO2 scenario emissions of 
goods movement, but other opportunities exist to expand this tradeoff set in future work.  Significant 
reductions in CO2 emissions are possible through intermodal changes and other energy-efficiency 
measures.  The final results of the case study provide boundaries for potential CO2 emissions reductions 
in the goods movement sector for the state. It is estimated that a total of ~60% reduction in CO2 emissions 
is achievable by a modal switch from road to rail. The results also show emissions reduction in certain 
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parts of the state can be achieved at the cost of increased emissions across certain regions in the state 
(Table 9).  These insights have relevance for consideration of system-wide improvements that may 
achieve CO2 reductions, and help inform associated policies for the state of California. Configured with 
California-specific data, the GIFT model thus provided results that possibly will be of significant value to 
the California Air Resources Board in evaluating tradeoffs among various environmental, energy and 
economic aspects of goods movement policies in the state of California. 
Based on this work, I also identified a number of future research activities that could be conducted to 
improve the GIFT model and its applications.  Some of these future research areas include the following: 
1. GIFT could be modified to include geospatial gradient data.  This would allow one to address 
issues of grade (road and rail) on emissions from truck and locomotive routes, respectively.  This 
could be particularly important for GIFT analyses that focus on mountainous regions. Currently, 
the emissions from vehicles are not adjusted for road gradient in GIFT.  
2. GIFT allows for optimization of routes based on the freight cost. However, this capability of the 
model is currently limited by the availability of good data. Estimating costs for both rail and truck 
is very complex. The costs for any movement of goods depend on the current fuel prices, the 
distance traveled, the level of congestion, and other factors. These cost shares may all vary 
considerably and thus the cost breakdown by mode is difficult to quantify in the general case. 
3. Currently, GIFT can only optimize on one attribute at a time-cost, travel time, emissions or 
energy. However, freight transportation decisions are hardly made on a single choice of attribute. 
There are multiple factors involved in choosing a particular mode of transport. Future GIFT work 
can focus on utilizing multi-criteria optimization approaches in analyzing the environmental 
impacts of freight transport, thus making the model more descriptive of real-world scenarios. 
4. A significant improvement can be brought to GIFT through the inclusion of real-world road, rail 
and waterway speeds. Currently, GIFT utilized posted speed limits on the U.S. transport networks 
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to analyze trade-offs between travel times under different scenarios. Inclusion of historical travel 
speeds will make GIFT a better tool for policy analysis. 
5. Emissions from trucks are currently not adjusted for speed in GIFT. This limits the applicability 
of GIFT to make accurate analysis regarding the environmental impacts of freight transport. The 
inclusion of speed as a deciding factor in truck emissions could be a major improvement for GIFT 
as a modeling tool and hence can be focus on future work. 
Beyond the case study results themselves, this thesis has demonstrated the feasibility and usefulness of 
GIFT as an important analytical and planning tool for transportation policy decision makers. Although the 
case study focused solely on demonstrating emissions tradeoffs between least-time and least-CO2 routing, 
future work can entail analysis based on economic and other attributes which affect policies involving the 
environmental impacts of freight transport. On an ending note, it is expected that GIFT, through the 
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APPENDIX A: CFS Defined Regions and Equivalent FAF2 Regions 
CFS REGIONS Equivalent FAF2 REGIONS 
Alabama 
N/a  
Birmingham-Hoover-Cullman, AL Combined Statistical Area 
AL Birmingham 
Mobile-Daphne-Fairhope, AL Combined Statistical Area 
AL Mobile 






Phoenix-Mesa-Scottsdale, AZ Metropolitan Statistical Area 
AZ Phoenix 
Tucson, AZ Metropolitan Statistical Area 
AZ Tucson 






Los Angeles-Long Beach-Riverside, CA Combined Statistical Area 
CA Los Angeles  
Sacramento--Arden-Arcade--Truckee, CA-NV Combined Statistical Area (CA Part) 
CA Sacramento 
San Diego-Carlsbad-San Marcos, CA Metropolitan Statistical Area 
CA San Diego  
San Jose-San Francisco-Oakland, CA Combined Statistical Area 
CA San Jose  
Remainder of California 
CA rem 
Colorado 
N/a   
Denver-Aurora-Boulder, CO Combined Statistical Area 
CO Denver  




Hartford-West Hartford-Willimantic, CT Combined Statistical Area 
CT rem 
New York-Newark-Bridgeport, NY-NJ-CT-PA Combined Statistical Area (CT Part) 
CT New York  




District of Columbia 
N/a  




Jacksonville, FL Metropolitan Statistical Area 
FL Jacksonville 
Miami-Fort Lauderdale-Pompano Beach, FL Metropolitan Statistical Area 
FL Miami  
Orlando-Deltona-Daytona Beach, FL Combined Statistical Area 
FL Orlando  
Tampa-St. Petersburg-Clearwater, FL Metropolitan Statistical Area 
FL Tampa  




Atlanta-Sandy Springs-Gainesville, GA-AL Combined Statistical Area (GA Part) 
GA Atlanta  
Savannah-Hinesville-Fort Stewart, GA Combined Statistical Area 
GA Savannah  




Honolulu, HI Metropolitan Statistical Area 
HI Honolulu 








Chicago-Naperville-Michigan City, IL-IN-WI Combined Statistical Area (IL Part) 
IL Chicago 
St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area (IL Part) 
IL St. Louis 




Chicago-Naperville-Michigan City, IL-IN-WI Combined Statistical Area (IN Part) 
IN Chicago 
Indianapolis-Anderson-Columbus, IN Combined Statistical Area 
IN Indianapolis 






Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area (KS Part) 
KS Kansas City 




Louisville/Jefferson County--Elizabethtown--Scottsburg, KY-IN Combined Statistical Area (KY Part) 
KY Louisville 




Baton Rouge-Pierre Part, LA Combined Statistical Area 
LA Baton Rouge 
Lake Charles-Jennings, LA Combined Statistical Area 
LA Lake Charles 
New Orleans-Metairie-Bogalusa, LA Combined Statistical Area 
LA New Orleans 






Baltimore-Towson, MD Metropolitan Statistical Area 
MD Baltimore  
Washington-Arlington-Alexandria, DC-VA-MD-WV Metropolitan Statistical Area (MD Part) 
MD Washington  
Remainder of Maryland 
MD rem  
Massachusetts 
N/a  
Boston-Worcester-Manchester, MA-NH Combined Statistical Area (MA Part) 
MA Boston  
Remainder of Massachusetts 
MA rem  
Michigan 
MI  
Detroit-Warren-Flint, MI Combined Statistical Area 
MI Detroit  
Grand Rapids-Muskegon-Holland, MI Combined Statistical Area 
MI Grand Rapids 
Remainder of Michigan 
MI rem  
Minnesota 
N/a  
Minneapolis-St. Paul-St. Cloud, MN-WI Combined Statistical Area (MN Part) 
MN Minnesota  






Kansas City-Overland Park-Kansas City, MO-KS Combined Statistical Area (MO Part) 
MO Kansas City 
St. Louis-St. Charles-Farmington, MO-IL Combined Statistical Area (MO Part) 
MO St. Louis 
Remainder of Missouri 









Las Vegas-Paradise-Pahrump, NV Combined Statistical Area 
NV Las Vegas 






New York-Newark-Bridgeport, NY-NJ-CT-PA Combined Statistical Area (NJ Part) 
NJ New York 
Philadelphia-Camden-Vineland, PA-NJ-DE-MD Combined Statistical Area (NJ Part) 
NJ Philadelphia 






Albany-Schenectady-Amsterdam, NY Combined Statistical Area 
NY Albany 
Buffalo-Niagara-Cattaraugus, NY Combined Statistical Area 
NY Buffalo 
New York-Newark-Bridgeport, NY-NJ-CT-PA Combined Statistical Area (NY Part) 
NY New York 
Rochester-Batavia-Seneca Falls, NY Combined Statistical Area 
NY Rochester  




Charlotte-Gastonia-Salisbury, NC-SC Combined Statistical Area (NC Part) 
NC Charlotte  
Greensboro--Winston-Salem--High Point, NC Combined Statistical Area 
NC Greensboro 
Raleigh-Durham-Cary, NC Combined Statistical Area 
NC Raleigh 






Cincinnati-Middletown-Wilmington, OH-KY-IN Combined Statistical Area (OH Part) 
OH Cincinnati 
Cleveland-Akron-Elyria, OH Combined Statistical Area 
OH Cleveland 
Columbus-Marion-Chillicothe, OH Combined Statistical Area 
OH Columbus  
Dayton-Springfield-Greenville, OH Combined Statistical Area 
OH Dayton  




Oklahoma City-Shawnee, OK Combined Statistical Area 
OK Oklahoma 
Tulsa-Bartlesville, OK Combined Statistical Area 
OK Tulsa 
Remainder of Oklahoma 
OK rem  
Oregon 
N/a 
Portland-Vancouver-Beaverton, OR-WA Metropolitan Statistical Area (OR Part) 
OR Portland  
Remainder of Oregon 
OR rem  
Pennsylvania 
N/a  
Philadelphia-Camden-Vineland, PA-NJ-DE-MD Combined Statistical Area (PA Part) 
PA Philadelphia  
Pittsburgh-New Castle, PA Combined Statistical Area 
PA Pittsburgh  










Charleston-North Charleston-Summerville, SC Metropolitan Statistical Area 
SC Charleston 
Greenville-Spartanburg-Anderson, SC Combined Statistical Area 
SC Greenville 






Memphis, TN-MS-AR Metropolitan Statistical Area (TN Part) 
TN Memphis  
Nashville-Davidson--Murfreesboro--Columbia, TN Combined Statistical Area 
TN Nashville  




Austin-Round Rock, TX Metropolitan Statistical Area 
TX Austin  
Beaumont-Port Arthur, TX Metropolitan Statistical Area 
TX Beaumont 
Corpus Christi-Kingsville, TX Combined Statistical Area 
TX Corpus Christi 
Dallas-Fort Worth, TX Combined Statistical Area 
TX Dallas 
El Paso, TX Metropolitan Statistical Area 
TX El Paso 
Houston-Baytown-Huntsville, TX Combined Statistical Area 
TX Houston 
Laredo, TX Metropolitan Statistical Area 
TX Laredo 
San Antonio, TX Metropolitan Statistical Area 
TX San Antonio 




Salt Lake City-Ogden-Clearfield, UT Combined Statistical Area 
UT Salt Lake 






Richmond, VA Metropolitan Statistical Area 
VA Richmond 
Virginia Beach-Norfolk-Newport News, VA-NC Metropolitan Statistical Area (VA Part) 
VA Virginia Beach  
Washington-Baltimore-Northern Virginia, DC-MD-VA-WV Combined Statistical Area (VA Part) 
VA Washington  
Remainder of Virginia 
VA rem  
Washington 
N/a  
Seattle-Tacoma-Olympia, WA Combined Statistical Area 
WA Seattle  
Remainder of Washington 





Milwaukee-Racine-Waukesha, WI Combined Statistical Area 
WI Milwaukee  
Remainder of Wisconsin 







APPENDIX B: Using the Model in Case Study 
 
This appendix describes how to use the model in a case study.  It describes specific steps to configure the 
model, determine freight flow based on differing optimization settings, and example results. 
How to Run a Multiple OD-Pair Route Analysis in ArcGIS Network Analyst 
The model uses ArcGIS Network Analyst to solve routing problems for OD pairs across a multi-modal 
network and provides solutions as polyline features (routes).  The resulting route solutions are represented 
by single polylines that include, for example, total time and total distance attributes associated with 
specific OD pairs but do not include the time and/or distance traveled on any given mode.  By default, 
there is no way to determine how much of a solved route was traveled by ship, rail or road, which is 
crucial to understanding and assessing route solutions.  To address this shortcoming, separate time and 
distance fields were added to the network dataset for each of the component feature classes and modes of 












The network dataset was then re-constructed adding the above fields as additional evaluator attributes to 
be accumulated when routes are solved.  Using the enhanced network, time and distances are accumulated 
by mode for route solutions.  The resulting routes have nine additional fields representing the 
accumulated time and distance traveled for each mode for all segments traversed by a given 
route.  Summing the time and distance of each mode equals the total time and distance of the route. 
The enhanced network provides total time and distance for each mode which collectively make up a 
specific route solution allowing for quick identification of the modes making up a route and their 
associated time and distance. 
Further processing is required to determine the specific locations where any given mode is traversed and 
where mode changes occur.  The solution developed to create unique IDs for each network segment for 
the dissolve process described below also allows for the mode of each segment to be identified by a 
numeric code contained in the DissolveID, making it possible to identify the mode of each segment 
making up a route.  Thus, the DissolveID can be used to create visual representations of the modes 
traveled by any given route. 
Importing Multiple OD Sets into Network Analyst (METHOD 1) 
We have developed two ways of importing lists of OD points for use in Network Analyst.  The first 




Name Lat Long RouteName Sequence 






CSA 42.6427100 -73.7481600 
Albany_Schenectady_Amsterdam NY 
CSA 2 
PORT OF LONG BEACH 33.7395700 
-
118.2095000 Anchorage_Alaska 1 
Anchorage_Alaska 61.2224600 
-
149.8879300 Anchorage_Alaska 2 
PORT OF LONG BEACH 33.7395700 
-
118.2095000 Arkansas_Little Rock 1 
Arkansas_Little Rock 34.6900700 -92.3261700 Arkansas_Little Rock 2 
 
Within ArcGIS, click on Tools-Add XY Data to create an events theme of the OD Point data 
 Navigate to your Excel file and select the correct spreadsheet  
 X and Y fields should load correctly (LONG and LAT) 
 Edit the Coordinate System – Select – Geographic Coordinate System – North America – North 
American Datum 1983 (or whatever your XY coordinate units are) 
 Click OK  
Select OK again to acknowledge the pop-up message.  To create a shapefile or feature class from this 
events theme, right click and choose data export. 
Activate the Network Analyst extension 
 Click on Network Analyst – New Route 
 Open the Network Analyst Window 
 Right click on Stops 
 Click Load Locations 
 Navigate to your XY Events theme (e.g., LALB) – Name and RouteName should fill in 
automatically 
 Click OK 
The OD Pairs will load into separate two-point route sets, with the origin port listed first.  This will result 
in a route originating from the port and ending at the paired destination.   
 
Importing Multiple OD Sets into Network Analyst (METHOD 2) 
The second method involves creating separate Excel spreadsheets for origins and destinations with the 





ORIGINS File   
Name Lat Long Name Lat Long 
Albany_Schenectady_Amsterdam NY CSA 42.6427100 -73.7481600 
PORT OF LONG 
BEACH 33.7395700 -118.2095000 
Anchorage_Alaska 61.2224600 -149.8879300 PORT OF SEATTLE 47.5877110 -122.3592180 
Arkansas_Little Rock 34.6900700 -92.3261700 PORT OF OAKLAND 37.8215200 -122.3081000 
Within ArcGIS, click on Tools-Add XY Data to create an events theme of the OD Point data 
 Navigate to your Excel file and select the correct spreadsheet  
 X and Y fields should load correctly (LONG and LAT) 
 Edit the Coordinate System – Select – Geographic Coordinate System – North America – North 
American Datum 1983 (or whatever your XY coordinate units are) 
 Click OK  
Select OK again to acknowledge the pop-up message.  Repeat these steps for the other spreadsheet, 
resulting in two events themes (origins and destinations). To create shapefiles or feature classes for these 
events themes, right click on each and choose data export. 
Activate the Network Analyst extension 
 Click on Network Analyst – New Closest Facility 
 Open the Network Analyst Window 
 Right click on Facilities 
 Click Load Locations 
 Navigate to your XY Events theme for Origins (e.g., LALB) – Port name should fill in 
automatically 
 Click OK 
 Right Click on Incidents 
 Click Load Locations 
 Navigate to your XY Events theme for Destinations (e.g., Albany_Schenectady_Amsterdam NY 
CSA) – Destination name should fill in automatically 
 Click OK 
 Right Click on the Closest Facility Layer in the ArcMap Table of Contents 
 Select Layer Properties 
 Click the Analysis Settings Tab 
 Select "Travel From:" as Facility to Incident 
Routes will be generated from Facilities (Origins) to Incidents (Destinations) with the resulting route 
names including both Origin and Destination in one concatenated field when solved.   
Creating Routes Optimizing on Various Impedance Attributes 
To run a set of routes, click on the Route Properties icon located in the Network Analyst window 
 Under the General Tab, change the layer name (e.g. LALB HOURS) and add a description 
 Under the Analysis Settings Tab, select the impedance attribute (e.g. HOURS) 
 Under the Accumulation Tab, check the network accumulation attributes you wish to generate 
 Click Apply and OK 
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 Click the Solve icon in the Network Analysts Toolbar 
NOTE:  All GIFT Evaluator parameters are entered via the GIFT cost factor management and calculator 
tools except HOURS, KILOMETERS, and MILES.  HOURS is an attribute field in each polyline 
network features and the DWELL TIME junction features.  For linear features, HOURS is calculated by 
dividing the MILES attribute by the SPEED attribute for the road, rail, and waterway features.  The 
transfer facility spoke features (road_spoke, rail_spoke, water_spoke) for the US and Canadian databases 
use a default value of one hour to represent a transfer time for switching travel modes.  Because the 
spokes are simply artificial bridges between the facilities and the transport networks, length is an 
unreliable estimate of the distance a TEU must travel if it is transferred from one mode to another at a 
facility, so HOURS becomes a constant value, or a facility specific transfer time value if the data are 
available.  DWELL TIME nodes are assigned HOURS values based on published railroad industry values 
for dwell times at each major station, with industry averages used at minor or unreported stations. 
 
By default, a File Geodatabase creates and updates a SHAPE_LENGTH Attribute for each polyline 
feature class.  With an Equidistant Conic projection, the unit of measure is the meter.  KILOMETERS are 
calculated by dividing SHAPE_LENGTH by 1000, and MILES are calculated by multiplying 
SHAPE_LENGTH by 0.000621371192. 
 
The values used in the SPEED attribute are derived differently for each polyline feature.  While the GIFT 
cost factor management and calculator allows the user to specify an average speed for a given mode 
(which is reported in the TIME attribute), SPEED is entered directly into the feature class database.  For 
NTAD and Canadian roads, typical or posted speeds for road class are used, based on published 
government estimates.  Commercial road databases often have “real time” speeds reported, but this 
project opted to use the publicly available NTAD database for roads and rail network features.  Rail 
speeds are a constant value from the literature, since rail companies have not made available GIS 
databases with posted or actual speeds.  The waterways, derived from the STEEM database from the 
University of Delaware, have two speeds – near shore and off shore.  A 20 km buffer was used to split 
and assign waterway segments the appropriate speed. 
 
Adding in CFS Freight Totals, Weights, and Destination Estimated TEUs 
For this type of analysis, the first OD pair import methods works best.   
 
 The spread sheet with the port calculations for distributing TEUs to specific destinations is joined 
to the stops using the Name attribute field, rather than the RouteName attribute.  This prevents 
double counting totals by automatically assigning the origin port default values of zero.   
 Solve for the Routes.   
 Run the Network Analyst Traversal Result to ArcMap Script (see details in the next section) 
 Open the Edges attribute table 
 Join the Edges attribute table (RouteID) with the Routes Attribute Table (ObjectID) 
 Export edges 
 Create a unique ID field (DISSOLVEID) for use in a dissolve application (see section Creating 




Add Network Analyst Traversal Result To ArcMap 
Since the model generates multiple routes over the network from a single port, it can be difficult to 
identify where and how often routes overlap.  Including additional origin ports, such as Oakland and 
Seattle, further complicates this assessment, since routes originating from those ports will also use some 
network segments from the initial port (LALB).  Overlapping routes are a possible indicator of transport 
volume, congestion, and usage in freight movement.  The following script is provided to allow the user to 
convert individual routes into segments (edges).  The edges can then be combined through the 
DISSOLVE command (ArcToolbox – Data Management Tools – Generalization – Dissolve), counting 
segments by unique ID to determine how often a given segment of a network is used in the routing 
analysis.  Knowing freight flow to each destination, multiplied by the number of times a given route 
segment is used when moving TEUs from a port to a destination, allows the user to estimate truck counts 
and possibly congestion.  It also allows the user to accumulate pollutants for a given segment used in 
multiple routes. 
 
Script AddNATraversalResultToArcMap.txt (provided by Jay Sandhu, ESRI) 
 
Public Sub AddNATraversalResultToArcMap() 
  Dim pMxDoc As IMxDocument 
  Dim pNetworkAnalystExtension As INetworkAnalystExtension 
  Dim pNALayer As INALayer 
  Dim pFLayer As IFeatureLayer 
  Dim pTraversalResultQuery As INATraversalResultQuery 
  Dim pNATraversalResultEdit As INATraversalResultEdit 
   
  Set pMxDoc = ThisDocument 
  Set pNetworkAnalystExtension = Application.FindExtensionByName("Network Analyst") 
  Set pNALayer = pNetworkAnalystExtension.NAWindow.ActiveAnalysis 
  Set pTraversalResultQuery = pNALayer.Context.Result 
  Set pNATraversalResultEdit = pTraversalResultQuery 
   
  'Infer Geometry 
  pNATraversalResultEdit.InferGeometry "", Nothing, New CancelTracker 
   
  'Get the Edges and add as a layer 
  Set pFLayer = New FeatureLayer 
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  Set pFLayer.FeatureClass = pTraversalResultQuery.FeatureClass(esriNETEdge) 
  pFLayer.Name = pFLayer.FeatureClass.AliasName 
  pMxDoc.FocusMap.AddLayer pFLayer 
   
  'Get the Junctions and add as a layer 
  Set pFLayer = New FeatureLayer 
  Set pFLayer.FeatureClass = pTraversalResultQuery.FeatureClass(esriNETJunction) 
  pFLayer.Name = pFLayer.FeatureClass.AliasName 
  pMxDoc.FocusMap.AddLayer pFLayer 
End Sub 
 
To use this script in a network analysis, it needs to be loaded into the map document BEFORE the routes 
are solved 
 Click Tools – Macros – Visual Basic Editor 
 In Visual Basic Editor, click File – Import File 
 Navigate to the directory with the script, change file type to allow for All Files and select 
AddNATraversalResultToArcMap.txt (note - macro will load but may not display in Visual 
Basic Editor) 
 Click File – Close and Return to ArcMap 
For a previously solved route, simply resolve to load the current OD route analysis into memory 
Run the macro on the active route set –  
 Click Tools-Macros-Macros  
 Highlight the macro AddNATraversalResultToArcMap 
 Click Run  
The macro will not show a status bar as it runs, but will generate two memory feature class layers when 
complete, (junctions and edges).  Edges are the routes broken down into simple two-point segment sets 
(based on junctions), with new unique IDs for each segment, but retaining the route unique ID as 
SOURCEOID and the unique feature layer ID as SOURCEID.  These edges are not permanent features 
and will be erased once you close the map document, even the map document is saved.  To create 
permanent features, either in the feature database or as a new shapefile, you will need to export the data. 
 Right click on the layer you want to export (e.g., Edges) 




Creating Unique IDs for the Edge Features 
Because the network dataset is comprised of different transportation networks, there is an issue involving 
the unique IDs generated by the edge extraction of the original route features.  Canadian roads and US 
roads, for example, each have Object IDs ranging from 1 to n, but are separate features classes.  
Therefore, if the dissolve process is used on SOURCEOID attribute in the edges feature class to generate 
counts, it is possible to include a count of Canadian road segments with US road segments if both sets 
have edges with SOURCEOID values of 5, for example.  To generate a truly unique ID to edges within a 
given route, a new, unique attribute needs to be created for the dissolve analysis that combines 
SOURCEID with SOURCEOID.  
 Right click on Edges and Open the Attribute Table 
 On the table, click Options – Add Field 
o DISSOLVEID 
o Long Integer 
o 12 
 Right click on DISSOLVEID and click Field Calculator 
o [SourceID] * 1000000 + [SourceOID]   
o OK 
DISSOLVEID is now unique and allows the user to know what network feature class a given edge is 
from (the first one or two digits) and the unique ObjectID of the original network feature (the last six 
digits).   
Calculating the Number of Times a Network Segment is Used for a Given Port 
Analysis 
To create a count statistic for the number of times a given network segment is used in a multiple route 
analysis from a port and the number of TEUs that move over a given route segment, run dissolve, making 
sure the output name describes the port and impedance attribute used in the network analysis. 
 ArcToolbox – Data Management Tools – Generalization – Dissolve 
o LALB_EDGES_HOURS (the input features) 
o LALB_EDGES_HOURS_DISSOLVE (the output features) 
o DISSOLVEID (the dissolve field) 
o From the Statistics Field dropdown menu, choose DISSOLVEID 
o Select COUNT as the Statistics Type 
o From the Statistics Field dropdown menu, choose LALB_DTEUs 
o Select SUM as the Statistics Type 
o Add in other attributes and statistical summaries as desired 
o Uncheck the box for multipart features 
o Click OK 
Use the resulting shapefile to create thematic maps that illustrate route counts and TEU totals by network 




Figure 34. LA-Long Beach total route counts per network segment (edge)  





Figure 35.  LA-Long Beach total TEUs per network segment (edge) 




APPENDIX C: Calculating Emissions from First Principles 
 
The emissions obtained through the emissions calculator employed in the GIFT model are calculated 
using equations derived from the basic principles of physics. These principles involve the energy, 
materials content in fuels, engine efficiency etc. This section describes the equations and the associated 
theory.  
The terms utilized in the equations are described below: 
Load factor (ρ): This factor is a numerical measure of which describes the effective utilization of the 
output power of the engine under consideration. It is expressed as a percentage of the full available 
capacity of the engine. So, a 0.5 value of the load factor for an engine implies that only 50% of the full 
available capacity of the engine is being utilized. 
Horse power (hp): The power outputs of the engines are expressed in this standard unit of power.  
Engine Efficiency (η):  For combustion engines, it is the relationship between the total energy contained 
in the fuel, and the amount of energy used to perform useful work. It is expressed as a ratio of the energy 
output to the energy input. The value of 0.35 is commonly used for diesel engines.  
Horse power hour (hphr)/ Kilowatt hour (KWh): These are derived units of energy. An hphr signifies the 
amount of the work done by an engine rated 1hp in 1 hr. Similarly, a KWh is the amount of work done by 
an engine rated 1 KW in 1 hr. Although hphr is not an SI unit, it is nevertheless utilized in various 
literatures to express the emission factors or emission intensities. Emission intensities are average 
emission rate of a given pollutant from a given source relative to the intensity of a specific activity; for 
example grams of carbon dioxide released per hphr energy produced. 
The basic theory in calculating the emissions can be summed up by the following equation: 
                                                    
Equation 14 
Thus, the total emissions resulting from an activity can be described by a relation between the intensity of 
the activity and the polluting factor for the activity. The units for the emissions are expressed in either 
grams/mi or just grams. The units for the emission factors are mostly expressed in grams/hphr (and 
sometimes in grams/KWh).  
Note: The total emissions in the GIFT model are also expressed in grams/ TEU-mile or grams/ ton-mile. 
Calculating CO2 and SO2 Emissions 
The emission calculations for carbon dioxide and sulfur utilize the concept of engine efficiency and 
materials content in fuels. The following paragraphs describe the procedure in a step-by-step fashion.  
CO2 Emissions 
In order to find the emissions, we first calculate the energy produced by the engine for doing a particular 
task e.g. moving goods from point A to point B. We then find out the energy required (input energy) in 
terms of gallons of fuel needed to produce the equivalent amount of work. Finally, the knowledge of the 
carbon content of the fuel used lets us compute the emissions produced by the burning of the requisite 
amount of fuel for the aforementioned task.  
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The following equation outputs the energy produced in terms of the amount of work done per unit 
distance (1 mile) for a particular task: 
                    
 
 ⁄  
Equation 15 
Where  
    =load factor for the engine utilized 
        = horsepower (output) rating of the engine utilized 
 v =velocity of the equipment used (truck, rail, ship or handling equipment) (in miles per hr) 
 
The resultant unit for the above equation is hphr/mile.  (Note: 1 hphr = 0.746 KWh) 
Above equation gives the work done per mile in terms of the output energy. This is different from the 
input energy which is the output energy divided by the engine efficiency. Thus, we get the input energy 
horsepower or the input energy by utilizing the following equation: 
               
         
 ⁄  
Equation 16 
Where  
 η = engine efficiency 
Once we have the input horsepower, we can convert it to equivalent units of BTUs (British Thermal 
Units; a unit of energy) through the following conversion: 
                                 
Equation 17 
On obtaining the amount of BTUs needed (BTUin) per mile to perform the task, we then calculate the 
amount of fuel needed in gallons by using the following equation: 
                              
             
                     ⁄  
Equation 18 
Note: The energy density of fuel is expressed in terms of BTUs/gallon. It varies depending on the fuel 
used. For conventional diesel, it is 128450 BTUs/gallon.  
The next step is to find out the amount of carbon burnt as a result of the use of the aforementioned 
amount of fuel. For this, we first need to know the amount of carbon present in the fuel, which is given by 
the carbon content. It is expressed as a proportion (or percentage) and is typically equivalent to 0.86 (or 
86%) for conventional diesel.  The mass density of the fuel gives us the weight of the fuel in 
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Equation 19 
 Where    
 mass density  = 3167 grams/ gallon, for conventional diesel 
The principles of chemistry state that the molecular weight of carbon is 44 grams/mol of which 27.29% 
(12 grams/mol) is composed of carbon and the rest oxygen. In other words, the burning of every 12 grams 
of carbon releases 44 grams of carbon dioxide.  So, we utilize a conversion factor of 3.67 (=44/12) to 
convert the amount of carbon burnt into equivalent amount of CO2. Thus, we have 
              (
     
    
)                                                    
Equation 20 
Thus we get the amount of CO2 generated per unit distance (grams/mile) for a particular task, say 
transporting goods between two geographic locations.   
 In order to find the amount of CO2 generated in terms of grams/TEU-mile, we divide the total amount of 
CO2 by the total amount of TEUs per shipment. A TEU is a twenty-foot-equivalent standardized cargo 
container. If we know the net weight of the cargo in a single container in tons, we can calculate the 
emissions in terms of grams/ton-mile. 
Note: For finding out the total emissions for the trip, we multiply the quantity obtained through Equation 
20by the total distance traveled (in miles) in doing the task. This is what we get as the output on the 
desktop version of the GIFT model. 
SO2 Emissions 
The procedure for calculating the sulfur emissions (total, per mile, per TEU-mile and per ton-mile) is 
similar to that for CO2 emission calculations except for a few minor differences.  
The amount of sulfur present in the fuel is usually expressed in ppm (parts per million). In order to 
convert ppm to an equivalent percentage amount, the following conversion is used: 
                                 
Equation 21 
The above conversion factor gives us the sulfur content of the fuel (in %). We then utilize an equation 
similar to the Equation 19 to find out the sulfur burnt per mile. The molecular weight of SO2 is 64 
grams/mol of which 50% (32grams/mol) is sulfur. Thus, the burning of every 32 grams of sulfur produces 
64 grams of SO2. So, a conversion factor of 2 (=64/32) is utilized to convert the amount of sulfur burnt 
per mile into equivalent amounts of SO2 generated per mile (using an equation similar to Equation 20).  
Calculating PM10 and NOx Emissions 
The resultant emissions for PM10 and NOx are estimated in a different manner. The following equation is 
utilized in calculating the emissions per mile for either PM10 or NOx: 
                           
 




Or from Equation 15, 
                                                      
Equation 23 
Where  
      =load factor for the engine utilized 
 hpout   =horsepower (output) rating of the engine utilized 
 v   =velocity of the equipment used (truck, rail, ship or handling equipment)  
    (in miles per hr) 
 emissions factor  =average emission rate of a given pollutant from a given source   
    (expressed in grams/hphr) 
 
The resultant unit for the above equation is amount of pollutants generated (either PM10 or NOx) in 
grams/mile.  
Note: The emission factors for various modes of transportation (rail, truck, ship) and equipment (RTG 
cranes, yard holsters etc) are sourced from various literature.  
For finding the emissions in terms of grams/TEU-mile or grams/ton-mile, we follow the same procedure 
as used for CO2 and SO2 emissions. For the total emissions for the trip, we multiply the resultant output of 
Equation 22 by the total number of miles traveled. 
Mode Specific Calculations 
This section in discusses the approach utilized in the GIFT model to calculate the emissions as relating to 
specific transportation modes. For the modes discussed in this section, we assume the TEUs as the choice 
of transportation (containerized traffic). 
Truck Emissions Calculations 
While calculating the emissions for trucks, we utilize the miles-per-gallon (MPG) rating instead of the 
horse power (HP) rating of the engine as one of the inputs to the calculations. In calculating the CO2 and 
SO2 emissions, the approach is to first find out the grams of fuel used (or burnt) per mile through the 
following equation: 
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Equation 24 
Once we have the amount of fuel burnt in grams, we utilize the following expression to estimate the 
amount of carbon burnt per mile: 
             (
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Equation 25 
Finally, to have a figure for the amount of CO2 generated per mile of the trip, we use Equation 20. The 
procedure for finding the emissions in terms of grams/TEU-mile or grams/ton-mile is the same as the one 
used for estimating CO2 and SO2 emissions, as discussed earlier.   
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In calculating PM10 and NOx emissions, we utilize the emission factors obtained from literature and we 
use Equation 23. The energy output is calculated as follows.   
After having obtained the amount of fuel used per mile through Equation 24, we find out the equivalent 
energy input in terms of the amount of BTUs needed per mile to perform the task. We use the following 
equation 
                                                                              
Equation 26 
 Note: The energy density of conventional diesel is 128450 BTUs/gallon.  
To convert input BTUs to equivalent input hphr units, we utilize Equation 17 and then we convert input 
hphr to output hphr (work done by the engine) by using the following equation 
                         (
    
    
)    
Equation 27 
Where 
  η =engine efficiency 
The L.H.S of Equation 27 is equivalent to the Energyout as defined by Equation 15. We then use Equation 
23 to calculate the emissions of PM10 and NOx . Once we have the PM10 and NOx emissions in 
equivalent grams per mile, we either divide it by the number of TEUs per load or the tonnage per load to 
get emissions in terms of grams per TEU-mile or grams per ton-mile. For total emissions, we multiply the 
resultant figures by the total distance covered.  
Note: The primary reason for using MPG rating of trucks instead of their HP ratings is the fact that most 
users would be knowledgeable of the former rather than the latter. Another reason is that there may be 
differences in MPG ratings of trucks with similar HP ratings, for example, when comparing new higher 
efficiency trucks with older models. In such cases, emissions calculated on basis of MPG ratings are more 
reliable.  
Rail Emissions Calculations 
For rail, the MPG rating is often difficult to obtain but the HP ratings of the locomotives utilized are 
readily available. Hence, the procedure for CO2, SO2, PM10 and NOx emission calculations is similar to 
the one explained earlier.  The resultant emission figures are obtained in grams/mile. To obtain total 
emissions, we multiply the figures by the total distance covered.  
A small difference however exists in the way the emissions per TEU-mile or per ton-mile are calculated 
for rail. The load is usually carried on well cars, specifically designed to stack 2 to 4 TEUs each. So, the 
total load in terms of TEUs for a single freight train is calculated as  
                                                                                   
Equation 28 
 If we know the net weight of the cargo in a single container in tons, we can find out the total freight load 
of the train in tons. Thus, to find out the CO2 and SO2 emissions per TEU-mile or per ton-mile, we divide 
resultant emissions obtained in grams/mile by the total number of TEUs or total tonnage, respectively. 
For total emissions, we multiply the resultant figures by the total distance covered.  
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Marine Emissions Calculations 
Ship emissions are calculated using the equations discussed previously. . However, they are calculated on 
a per-stage basis. The vessel is assumed to be operating at different speeds and the engine is supposed to 
be operating at different load factors during different stages of operation. The table below shows for 
example, how we obtain speeds and load factors associated with different stages of operation: 
Stage of Operation Load Factor (ξ) (%) Velocity (V) (mph) 
1   1 V1 
2   2 V2 
3   3 V3 
4   4 V4 
 
Using the figures for the load factors and the speed as described in the above table, we use Equation 15to 
calculate the energy output (work done) for each stage of operation. Then we use Equation 16 through 
Equation 21 to calculate the CO2 and SO2 emissions associated with each individual stage of operation.  
PM10 and NOx emissions associated with each stage are estimated using Equation 22. 
The resultant emission figures for the individual stages are obtained in grams/mile. To obtain total 
emissions for the trip, we first calculate the total emissions for each stage by multiplying the emission 
figures by the distance covered in each stage of operation. Then we add up the emissions obtained for 
each stage to get the total emissions. The following equation illustrates this procedure: 
                                                              
Equation 29 
Where 
 E1 = emissions in grams per mile for stage 1 
 E2  = emissions in grams per mile for stage 2 
 E3   = emissions in grams per mile for stage 3 
  E4  = emissions in grams per mile for stages 4 
and 
 d1  = distance traveled in miles for stage1 
 d2  = distance traveled in miles for stage2 
 d3  = distance traveled in miles for stage3 
 d4  = distance traveled in miles for stage4  
 
To find out the emissions per TEU-mile or per ton-mile, we divide resultant emissions obtained through 
Equation 29by the product of the total number of TEUs (on the ship) or total tonnage (of the vessel) and 
the total distance of the trip (=d1+d2+d3+d4), respectively. 
